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[57] ABSTRACT 

The invention provides a motion simulating device which 
provides the user with full freedom of motion. Ideally, the 
motion is coordinated with the user's senses. The motion 
simulating device may include a generally spherical capsule 
supported by a number of rollers, at least one of which is a 
multi-directional active roller which frictionally engages the 
spherical capsule. This causes the spherical capsule to rotate 
in any desired direction. The capsule may have mounted 
within it an interactive solid, which may take the form of an 
omni-directional treadmill for supporting the user. 

28 Claims, 37 Drawing Sheets 
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VIRTUAL REALITY SYSTEM WITH U.S. Pat. No. 4,908,558 describes a spherical motion 

ENHANCED SENSORY APPARATUS simulator mounted on a stationary frame for angular and 

translational movement along pitch, roll and yaw axes. 

RELATED APPLICATIONS Magnetic bearing supported by the stationary frame provide 

The present application is a continuation-in-part of U.S. 5 ^ree degrees of freedom. Drive means mounted on the 

patent application Ser. No. 08/401,550 (filed Mar. 10, 1995), stationary frame and connected to the test unit generate three 

now U.S. Pat. No. 5,562,572, and of U.S. patent application de S rccs of freedom of movement. 

Ser. No. 08/145,413 (filed Oct. 29, 1993), now U.S. PaL No. U.S. Pat. No. 5,071,352 describes a motion platform with 

5,490,784. limited translational and rotational motion. An arrangement 

10 of three linear actuators is combined with an A-frame type 

FIELD OF THE INVENTION restraining mechanism to allow rotation about the pitch and 

The present invention generally relates to training and ro11 md alo °g a vertical axis. A multiple-user capsule 

entertainment devices and provides a device particularly sits 00 a ri S id and users view images and experience 

useful in interactive simulation environments such as are sound coordination with motion, 

encountered in flight simulators, computer-based video 1S Current devices for simulating motion are cumbersome 

games, and "virtual reality" systems. and expensive. As a result, the devices have slow response 

times. Moreover, these devices are limited in their ability to 

BACKGROUND OF THE INVENTION provide linear and rotational motion about three orthogonal 

In virtual reality ("VR"), the sensation of motion is 2Q axes - 

coordinated with the senses of sight, sound, and even touch. A major limitation in state-of-the art VR is the inability to 

The "environment" that a person experiences is manufac- permit simple walking and running. Navigation is typically 

tured and contained in the silicon of computer processors experienced as a disembodied center of consciousness which 

and memory. Flight simulators used for training professional is directed by pointing, other gesture or by manipulation of 

pilots and astronauts are a type of virtual reality system a joystick, trackball, mouse, or similar device. The actual 

commonly in use today. As technology advances, the appli- physical sensation of walking is limited to one of two forms: 

cations for 'Virtual reality" have grown well beyond such a) The user is restricted to a confined and immobile surface 

expensive, specialized equipment and are anticipated as where tracking and signal generation are well-controlled, 

being increasingly common as home entertainment or leam- and b) the user is confined to device such as a linear 

ing devices. 30 treadmill or wheelchair which transduces the user's linear 

Although the hardware and software for generating the motion to navigation. The conventional linear 

audio and visual components of virtual reality systems has treadmill has a movable track which can be upwardly 

been decreasing in cost, motion systems for use with such inclined. The track is only movable in one direction which 

components to complete a virtual reality system have con- restricts motion of the user to the direction of movement of 

sistently been prohibitively expensive. Furthermore, the 35 the track. A monitor, such as a motivational electric display, 

motion systems are either too complex, limited in their associated with the track, records the time, speed, and 

freedom of motion, or lack adequate responsiveness. distance accomplished by the user. 

Various devices have been proposed for generating Use of a ^ u treadmill, consisting of one continuous 

motion. U.S. Pat. No. 4,489,932, for example, describes a moving track, in conjunction with a momtor permits a user 

sphere resting on three passive casters, with motion of the 40 10 walk in a strai g ht line - Tn e ™*t cannot step in arbitrary 

sphere being actuated either by the user shifting his weight directions as he or she would be able to in real life. This 

inside the sphere or by a multidirectional drive wheel. limitation in directionality detracts from the immersive 

Another device for generating motion is found in U.S. Pat. nature of the experience, and requires that the experience 

No. 4,545,574, which discloses a sphere supported by an air **** on more of a vehicular nature rather than freely walking 

stream moving within a large tube where the sphere is 45 and n^S^S body. 

rotatable by louvers directing the force of the air around the qitmmapv hp thp TMVPMnnw 

sphere. Although both U.S. Pat. Nos. 4,4S9,932 and 4,454, nummary vt iHt 1IN VfclNllUlN 

574 describe a sphere rotatable about the three orthogonal The present invention provides a mechanical system for 

axes at the center of the sphere, these devices cannot move creating motion with six full degrees of freedom; three 

the center of the sphere with respect to the external 50 rotational degrees of freedom and three linear-translational 

environment, i.e. they are not capable of linear motion. degrees of freedom. In its broader aspect, the present inven- 

Moreover, these devices described in these patents also lack tion enables a user to physically experience full freedom of 

an interactive system coordinating motion, sight, and sound. motion within a limited space. 

Other patents have proposed simulated motion devices In a preferred embodiment, the present invention provides 

which coordinate motion with audio and visual input. U.S. 55 a device in which the user will experience full freedom of 

Pat. No. 3,135,057, for example, shows a capsule disposed motion in coordination with the user's senses of sight, 

within heavy inertial rings offset at 90° from one another. hearing, and touch. A user utilizing the motion simulating 

U.S. Pat. No. 4,856,771 shows a system that coordinates device of the present invention will be able to interact with 

motion, video, and sound by using a cockpit situated inside an electronic environment using many of the same senses 

two rings that are offset by 90° where the rings rest on a 60 used in the natural world. The claimed invention enables 

rotatable base. U.S. Pat. No. 5,060,932 describes a large interaction with an electrically generated environment by 

gyroscope-like device where various means of visual and employment of the user's natural center of balance center 

aural stimulations are provided. Although U.S. Pat. Nos. and sense of direction. 

3,135,057, 4,856,771, and 5,060,932 describe motion In its basic form, the motion simulating device consists of 
devices that combine motion with audio and visual input, 65 a generally spherical capsule that is supportive ly abutted by 
they all are limited in their applicability to virtual reality a number of rollers. At least one of the rollers is a multi- 
systems because of their slow response or large expense. directional active roller that frictionally engages the capsule 
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causing the capsule to rotate in any direction. A preferred 
embodiment uses three active rollers to impart rotational 
motion to the capsule. All rotational modes may be provided 
by rotating the sphere upon the rollers. 

The linear, or translational, motion is imparted to the 
capsule by attaching the rollers to a movable frame. The 
translational modes are achieved by using actuator legs 
capable of moving the frame along one axis or, more 
preferably, with respect to three orthogonal axes. 

Optimally, an interactive control means that coordinates 
sight, sound, and touch may be operatively connected to the 
capsule, active rollers, and frame. Through the interactive 
control means, a user may control and respond to a variety 
of environments and experience the corresponding motion 
associated with the user's control. 

One objective of this invention is to enable the user to 
physically experience full freedom of motion in a responsive 
and less expensive device. Another objective of the inven- 
tion is to permit a user to move in coordination with 
electronic simulation physical reality. 

In accordance with another embodiment of the invention, 
active interactive solids and passive interactive solids are 
incorporated into a virtual reality system to impart the 
sensation of touch to the user. Interactive solids generally 
may be used to impart physical confirmation of what the user 
is touching in the virtual electronic environment. Active 
interactive solids are self-actuating objects operatively con- 
nected to the interactive control means. Active interactive 
solids may move in coordination with the electronic simu- 
lation of physical reality and physical input from the user. 
Passive interactive solids are not self-activating, and as such, 
provide physical confirmation of fixed objects generated in 
the virtual environment. 

An active interactive solid may include an interactive 
support apparatus which is disposed within the capsule to 
impart the sensation of touch to the user. The interactive 
support apparatus includes a translatable support arm con- 
nected to a pneumatic support suit. A user can experience the 
sensation of support such as floating in water or other 
physical activity by imparting resistive forces to the pneu- 
matic support suit. 

The instant invention imparts full rotational freedom 
while minimizing the number of moving parts. Such free- 
dom may be experienced as a "barrel" roll as they fly in a 
virtually-created fighter jet, or the tumbling of a virtual car 
involved in an end-over-end drivers' training accident 

The present invention efficiently utilizes the relatively low 
moment of inertia inherent in a rigid and light spherical 
structure. A maximum of rotational acceleration and decel- 
eration is realized around all axes by utilizing a generally 
spherical capsule, minimizing the number and complexity of 
moving parts, and generally centering the interior mass. 

In another embodiment, the invention employs an inter- 
active solid which is similar to a linear treadmill in that the 
user is able to walk or run in an upright manner and employ 
proprioceptive sensing along with balance to imbue a sense 
of reality to the simulated environment. Alternatively, the 
user may assume any manner of postures with respect to the 
planar active surface. Other postures include kneeling, 
crawling on hands and knees, belly crawling, sitting and 
lying prone. 

This embodiment of the invention employs an omni- 
directional treadmill apparatus that allows a user, such as a 
person, to walk or run in any arbitrary direction. The 
apparatus has a frame for supporting the apparatus on a fixed 
surface. A track assembly mounted on the frame provides a 
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user support that moves in a direction determined by direc- 
tional orientation of the user on the track assembly. The track 
assembly has a user support movable in first direction by a 
first drive motor. The user support means includes user 

S support members rotatable about axes generally normal to 
the direction of movement of the support. A second drive, 
such as a power driven endless belt, engages the user support 
members to rotate the user support members whereby the 
combined movement of the user support members and user 

10 supports results in omni-directional user movement. Con- 
trols responsive to the directional orientation of the user on 
the user support selectively control the operation of the first 
and second drives which in turn controls the directional user 
movement to conform with the orientation of the user on the 

15 user support. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevational view of a motion simulating 
device in accordance with the invention; 
20 FIG. 2 is an elevational view of a motion simulating 
device in accordance with another embodiment of the inven- 
tion; 

FIG. 3 is an elevational view of a third embodiment of the 
2s present motion simulating device; 

FIG. 4 is a cut-away view of an active roller for use in the 
invention; 

FIG. 5 is a top view of an alternative active roller in the 
invention; 

30 FIG. 6 is a cross-sectional view of another active drive 
roller in the invention; 

FIG. 7 is a perspective view of an interactive support 
apparatus in accordance with the invention wherein the user 
is in a reclining position; 
35 FIG. 8 is a perspective view of an alternative interactive 
support apparatus, where the user is in a suspended position; 

FIG. 9 is a perspective view of yet another interactive 
support apparatus which includes translational means; 
40 FIG. 10 is a cut-away view of a motion simulating device 
with interactive solids of the invention; 

FIG. 11 is a cut-away view of a motion simulating device 
with interactive solids in accordance with another embodi- 
ment; 

45 FIG. 12 is an elevational view of an interactive solid for 
stepping; 

FIG. 13 is an elevational view of an interactive support 
apparatus coupled to an interactive pneumatic support suit; 

FIG. 14 is a cut-away view of the interactive pneumatic 
50 support suit of FIG. 13; 

FIG. 15 is a cross-sectional view of a section of the 
interactive pneumatic support suit of FIG. 13; 

FIG. 16 is a partially broken-away schematic view of a 
motion simulating device of the invention including passive 
55 interactive solids; 

FIG. 17 is an elevational view of an interactive solid in 
accordance with another embodiment of the invention; 

FIG. 18 is an elevational view of an interactive solid in 
60 accordance with another embodiment of the invention with 
a positioning track; 

FIG. 19 is an elevational view of an interactive support 
apparatus in accordance with another embodiment of the 
invention; 

65 FIG. 20 is an elevational view of a motion simulating 
device of the invention with high-frequency internal actua- 
tors; 
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FIG. 21 is a perspective view of an omni-directional 
treadmill in accordance with a further embodiment of the 
invention; 

FIG. 22 is a block diagram of a motor control for use with 
the treadmill of FIG. 21; 

FIG. 23 is a perspective view of an alternative embodi- 
ment of a treadmill of the invention; 

FIG. 23a is an enlarged sectional view taken along line 
23a— 23a of FIG. 23; 

FIG. 24 is a perspective view of another embodiment of 
a treadmill of the invention; 

FIG. 25 is a perspective view of yet another embodiment 
of a treadmill of the invention; 

FIG. 26 is a diagrammatic view showing a user in real 
space; 

FIG. 27 is a perspective view of a section of a track 
assembly employed in the embodiments of a treadmill such 
as those in FIGS. 21 to 25; 

FIG. 28 is another perspective view of a track assembly 
employed in the embodiments of a treadmill such as those in 
FIGS. 21 to 25; 

FIG. 29 is a diagrammatic perspective view, similar to 
FIG. 27, showing the movement of rotatable sleeves and a 
sleeve drive belt; 

FIG. 30 is a perspective view of an alternate embodiment 
of a track assembly useable with embodiments of treadmills 
similar to FIGS. 21 to 25; 

FIG. 31 is an exploded perspective view of a section of 
another embodiment of a track assembly useable with 
embodiments of treadmills similar to FIGS. 21 to 25; 

FIG. 32 is a perspective view of an embodiment of an 
omni-directional wheel and idler rollers; 

FIG. 33 is a perspective view of an embodiment of a track 
assembly useable with a treadmill similar to FIGS. 21 to 25; 

FIG. 34 is a perspective view, partly sectioned, of a 
spheroid treadmill segment; 

FIG. 35 is a sectional view of a segment of FIG. 34 
incorporated in a track assembly; 

FIG. 36 is a perspective view of an alternate embodiment 
of an active surface of a track assembly; 

FIG. 37 is a perspective view of a treadmill similar to that 
of FIG. 24 but including a hexapod motion platform; 

FIG. 38 is a perspective view of an active surface haptic 
display; and 

FIGS. 39a and 39b are diagrammatic views showing how 
the user at one site controls a remote device at a distant site. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A motion-simulating device (10) embodying the inven- 
tion is illustrated in FIGS. 1-3. The device (10) comprises 
a generally spherical capsule (20) that rests on at least three 
rollers, with one or more active rollers (60) and, optionally, 
one or more passive rollers (99). These rollers are attached 
to a translatable frame (40). 

In a preferred embodiment, a capsule is supportively 
abutted by three rollers of which two of the rollers are 
multi-directional active rollers. The rollers are then attached 
to a triangular platform which is linearly translatable along 
three orthogonal axes by six actuator legs. Each apex of the 
triangular platform is rotationally connected to two actuator 
legs and each of the actuator legs is rotationally connected 
on the other end to the ground. The visual and audio input, 



15 



as well as the responsive output from the user, are then 
processed by computers which control the active rollers and 
actuator legs. 

FIG. 1 shows a capsule (20) having an upper hemisphere 
5 (21) and a lower hemisphere (22). The upper hemisphere 
(21) and the lower hemisphere (22) may be hingedly con- 
nected at an internal hinge (24) and open along an equatorial 
contact line (25). The capsule (20) is fitted with a chair (26) 
and a set of frill restraint harnesses (28). A user may receive 
10 visual input from a head-mounted visual display (30) and 
audio input from earphones (31) or speakers within the 
sphere (not shown). In an alternative embodiment, the visual 
input may be displayed upon the inner walls of the capsule 
(20). 

When operating the virtual reality system, the user may 
control the motion of the frame (40) and the capsule (20) by 
a suitable controller. In the embodiment shown in the 
drawings, the controller may comprise two control sticks 
(32) with each control stick being capable of controlling 
20 three degrees of freedom, as detailed below. 

The translatable frame (40) shown in FIG. 1 has three 
beams (42) which arc rigidly connected to one another by 
connecting joints (44) at beam receptacles (45) to form a 
2S triangular platform (41). Each connecting joint (44) includes 
a mounting plate (46) for supporting either an active roller 
(60) or a passive roller (99). Each connecting joint (44) is 
supported by two actuator legs (48). The actuator legs (48) 
may each comprise a movable rod (53), a support housing 
30 (52), an actuating motor (50), and a gear reduction means 
(51). The movable rod (53) is driven by the actuating motor 
(50) so that the movable rod travels along the longitudinal 
axis of the support housing (52). The actuator legs (48) are 
attached to the connecting joints (44) and to the ground by 
35 rotatable connectors (55). By selectively and differentially 
moving the actuator legs (48), the triangular frame (41) can 
be translated along any of the three orthogonal axes. Such a 
construction is known to those skilled in the art as a Stuart 
platform. It is recognized that the movement of the trian- 
gular platform (41) may be effected by a variety of con- 
structions of rigid members, flexible members, bearings, 
sliders, motors, and related motion system components. 

The active rollers (60) and the passive rollers (99) are 
attached to the connecting joints (44) at the mounting plates 
45 (46). In a preferred embodiment, the capsule (20) is driven 
by two active rollers (60) about three orthogonal axes 
located at the center of the capsule (20), and a single passive 
roller (99) rests substantially upon a thrust bearing (98). 
Each active roller (60) includes a drive wheel (70) that is 
50 attached to a rotating yoke (80). The drive wheel (70) is 
driven by a drive wheel motor (72) and a reduction means 
(73). The drive wheel (70) is rotatable about a drive axis 
"A — A" that is generally parallel to a tangent to the surface 
of the capsule (20). The drive wheel (70) frictionally 
55 engages the capsule (20) and causes the capsule (20) to 
rotate in a direction perpendicular to both the drive axis 
"A — A" and axis "B — B." The drive wheel (70) is rotatable 
about axis "B — B" by rotating the yoke (80). The yoke (80) 
is rotatably driven by the yoke motor (81) and a reduction 
60 means (82). In a preferred embodiment, the capsule (20) 
may be coated with a friction enhancing substance such as 
silicon carbide particles encapsulated by a spreadable liquid 
binder, or the surface may be roughened by a light sand 
blasting to enable faster rotational acceleration. 
65 The active rollers (60) and the actuator legs (48) are 
controlled by an interactive virtual reality control system. 
The rotational position of the capsule (20) is measured, e.g., 
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by a gyroscope (33), and the measurement, e.g., output from 
the gyroscope, is routed through an internal computer (34), 
which may be located inside the capsule (20). Once position 
information is processed by the internal computer (34), the 
data is optimally sent through a transmitter (36) to a receiver 
(37). The receiver (37) then sends the position data to the 
main computer (35), which may be located outside of the 
capsule (20). 

The main computer (35) is also connected to the actuator 
motor controllers (57) and the active roller controllers (62). 
The actuator motor controllers (57) control the actuator legs 
(48). The active roller controllers (62) are connected to the 
active rollers (60) by a cable (64). The main computer (35) 
may also receive position data from the actuator legs (48) to 
determine the translational location of the platform (41). 

While using the interactive virtual reality control system, 
a head-mounted display adjusts the images it displays in 
response to the user's movements. Data entry in the sphere 
for visual images, sound, and touch, can use a high-speed 
digital laser transmission system having a wide-beam trans- 
mitter (38) and a plurality of capsule receivers (39). Such 
capsule receivers (39) are evenly spaced on the outside of 
the capsule (20). The data entering the capsule (20) is 
processed by the internal computer (34) and then routed to 
the head-mounted visual display (30) and the earphones 
(31). An internal battery (29), which is rechargeable during 
periods of non-use and readily replaceable, powers the 
electrical system inside the capsule (20). A line voltage 
supply (58) connected to a power supply (59) provides the 
power for the electrical components located outside of the 
capsule (20). 

FIG. 2 shows an alternative embodiment of the invention 
employing a different actuator leg system. The capsule (20) 
is supported by the active rollers (60) whose drive means are 
attached to the triangular platform (41) through the connect- 
ing joints (44). Linear actuation is achieved by placing the 
triangular platform (41) on top of a tripod comprised of three 
actuator legs (148). Every connecting joint (44) is supported 
by a single actuator leg (148). The actuator legs (148) may 
have the same structure as the legs (48) detailed above. 
Preferably, though, the legs (148) comprise a ball screw 
(153) (shown through cutaway), a supporting housing (152), 
an actuating motor (150), and a gear reduction means (151). 
Rotatable ball joints (155) attach the actuator legs (148) to 
the triangular platform (41) and to the ground. The actuator 
legs (148) are positioned relative to each other at their 
centers by a sliding fastener plate (156) through linear- 
rotational bearings (157). The ball screw (153) is held within 
a smooth-walled upper support cylinder (154) so that the 
linear rotational bearings (157) have a smooth and rigid 
surface upon which to travel. 

As the actuator legs (148) change their lengths, the sliding 
fastener plate (156) passively seeks a position that keeps the 
tripod of actuator legs (148) rigid and stable. The tripod 
arrangement of actuator legs (148) as depicted in FIG. 2 will 
impart a known rotation about the vertical axis for any linear 
motion transmitted. Such rotation about the vertical axis 
may be negated by an equivalent counter-rotation of the 
capsule (20) itself. It is recognized that the movement of the 
triangular platform (41) may be effected by a variety of 
constructions of rigid members, flexible members, bearings, 
sliders, motors, and related motion system components. 

In FIG. 3, a motion simulating device (210) having four 
degrees of freedom is depicted. The motion simulating 
device (210) retains full rotational motion, but linear motion 
is limited to up and down. In the embodiment shown in 
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FIGS. 1 and 2, communication between the internal and man 
computers (24 and 35, respectively) is accomplished 
through the transmitter (36) and receiver (37). FIG. 3 
illustrates a less expensive, though somewhat more 

5 cumbersome, system using a fixed cable. In this version, 
rotation around either horizontal axis is limited by the cable 
ring (223), which can serve as a movable means of attach- 
ment for a dedicated data exchange and a power cable (227). 
The motion simulating device (210) has a single transla- 
tional mode which is along its vertical axis. The active 
rollers (160) rotate the capsule (220). 

In the embodiment of FIG. 3, a user with a head-mounted 
visual display (30) is visible through an access port (228) in 
the upper hemisphere (221). A single actuator (227), 

15 attached to the ground at one end and an apex-connecting 
joint (241) at the other end, provides the single translational 
motion along the vertical axis. The apex-connecting joint 
(241) is connected by rigid supports (243) to the connecting 
joints (244). Stability is enhanced by rigid attachment of the 

20 sliding members (249) to the connecting joints (244). The 
sliding members (249) are free to move vertically, but are 
constrained in all other directions by housings (252) that are 
attached rigidly to the ground. 

FIGS. 4-6 show a variety of active roller embodiments. 

25 FIG. 4 depicts a plan view of an active roller (60) with a 
single drive wheel (70). The drive wheel (70) makes fric- 
tional contact with the surface of capsule (20). Rotation of 
the drive wheel (70) about the drive axis "A — A" rotates the 
capsule (20). Rotation of the drive wheel (70) about a 

30 perpendicular axis "B — B" changes the direction of the 
drive wheel (70). A yoke assembly (80) houses both the 
bearings (71) for the drive wheel (70), and the gear assembly 
(90) that actuates the drive wheel (70). A thrust bearing (83) 
supports the yoke (80) onto a mounting plate (46), wherein 

35 the mounting plate (46) is contiguous with a connecting joint 
(44) at the apexes of the triangular platform (41) as depicted 
in FIGS. 1-3. 

The drive train for rotation about the "A — A" axis begins 
with a reversible drive wheel motor (72) and a drive wheel 

40 motor reduction means (73). An output shaft (74) is con- 
nected to the drive wheel motor reduction means (73), and 
may be coaxial with the control axis of the reversible yoke 
motor (81) and a reduction means (82). The output shaft (74) 
may emerge into the gear assembly (90) through the center 

45 of the yoke drive gear (84). The drive wheel drive gear (75) 
is rigidly connected to the output shaft (74) and engages a 
transfer gear (76). The transfer gear (76) may be connected 
by a drive shaft (77) through an intermediate bevel gear (78). 
The intermediate bevel gear (78) engages the drive wheel 

50 bevel gear (79) which rotates the drive wheel (70) about the 
drive axis "A — A." 

The reversible yoke motor (81) rotates the yoke (80) and 
the drive wheel (70) about axis "B — B" through the revers- 
ible motor reduction means (82). The reversible yoke motor 

55 (81) and reduction means (82) may be substantially hollow 
along the central axis "B — B" to house the output shaft (74). 
Bidirectional torque output from the reduction means (82) 
drives the yoke drive gear (84). The yoke drive gear (84) 
engages a yoke idler gear (85). The yoke idler gear (85) 

60 engages teeth (86) which may be integral with the yoke (80), 
creating a torque that actuates rotation of the yoke (80) and 
the drive wheel (70) about the "B — B" axis. 

The drive wheel motor (72), drive wheel motor reduction 
means (73), reversible yoke motor (81), and reduction 

65 means (82) may be rigidly and coaxially attached together. 
A face plate (67) mounts the motor/reducer assembly (95) to 
the mounting plate (46). 
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A number of electrical or optical cables (64) may connect 
the drive wheel motor (72) and the reversible yoke motor 
(81) with the power supply and also carry position infor- 
mation from angular encoders. This embodiment of an 
active roller (60) for a single roller about two perpendicular 
axes is advantageous because of the fixed position of the 
drive wheel motor (72) and the yoke motor (81). This fixed 
position allows use of a hard-wired cable harness rather than 
expensive and less reliable rolling or sliding electrical 
contacts. 

FIG. 5 shows an alternative embodiment of the invention 
employing an active roller (160) which may have dual drive 
wheels (170). The two drive wheels (170) are driven by the 
output shafts (172). The output shafts (172) may engage an 
automotive type differential (174) which is connected to a 
gear assembly (190). A thrust bearing (83) directs loading 
against the mounting plate (46), which is formed as part of 
the connecting joints (44) as shown in FIG. 1. The motor/ 
reducer assembly (95), as described for FIG. 4, is connected 
to the gear assembly (190), and works in the same manner 
as described in FIG. 4. 

Using two drive wheels (170) for a single active roller 
(160) is more advantageous than using a single drive wheel 
(70) as shown in FIGS. 1, 2, and 4. First, the rotation of the 
two drive wheels (170) about their common center requires 
less energy input by the drive wheel motor (72) because the 
friction of rotation is reduced. Second, the typical curved 
path that the common center follows during actuation gen- 
erates less friction and thus requires less energy input by the 
drive wheel motor (72). Third, the compressive loading at 
the contact points on the capsule (20) is half that of a single 
drive wheel (70) resulting in less wheel deformation of the 
capsule (20) and use of a thinner outer shell for the capsule 
(20). 

FIG. 6 depicts another embodiment of the invention using 
a variation on the single drive wheel active roller system. In 
FIG. 6, a mounting plate (246) is integral to the connecting 
joint (44) as shown in FIG. 1 and rigidly supports both a 
reversible drive wheel motor (272) and a reversible motor 
(281). The drive wheel motor (272) and the reversible motor 
(281) may be mounted along two parallel but separate axis, 
"B— B" and "C — C" The drive wheel motor (272) may be 
connected to a gear assembly (290) so that the output from 
the drive wheel motor (272) rotates the drive wheel (270) 
about the drive axis "A— A". The drive wheel (270) is 
positioned about the "B — B" axis by the reversible motor 
(281). A spur gear (286) may be attached to the drive wheel 
housing (280) to the drive gear (284) which is connected to 
the output shaft (285) of reversible motor (281). 

The invention preferably incorporates a vision system 
which the user views during motion. The vision system 
displays a scene on a monitor or a head mounted display 
wherein the viewed motion responds according to the 
motion of the user's vision. When using a head-mounted 
display, the display should shift when the user's head turns 
or tilts so that the user's experience parallels that of turning 
or tilting his or her head when viewing a real environment. 
For example, the displayed horizon will shift upwardly in 
the display when the viewer tilts his or her head down- 
wardly. Position sensing is critical to coordinating vision 
with motion and the user's sense of real gravity. 
Consequently, both the position of the user's field of vision 
and the position of the capsule (20) itself are important in the 
present invention. 

Position sensing may be accomplished by a variety of 
means. Rotational position may be sensed by a gyroscope 
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mounted within the sphere, or by electrical coils interacting 
through electromagnetic induction. Linear position may be 
sensed by linear potentiometers, linear variable differential 
transformers, or magnetostrictive sensors mounted inside 
5 the actuator legs (48). Such systems are well known and well 
characterized by those in the art of motion sensing and 
control. 

Motion control of the system may be either closed looped 
or open looped. A closed loop system senses the action being 
10 controlled and sends position information back to a control- 
ler so that the controller can minimize the error between the 
actual performance and the desired performance. An open 
loop system, however, does not send any position informa- 
tion back to the controller, and as a result, an open loop 
15 system does not automatically correct the error between the 
actual performance and the desired performance. Closed- 
loop motion control is preferred because it is more accurate. 
Both closed-loop and open-loop motion controls are estab- 
lished science, and a variety of theoretical and practical 
20 means are available for their implementation. 

A preferred embodiment of the vision system may be a 
head-mounted display that sends separate images to each 
eye. Such a system creates a true three dimensional effect. 
Rotational motion on all three axes with respect to the 
ground is sensed at the user's head. Consequently, the user 
may tip his head and see a tilting landscape without causing 
the system to move. One such head-mounted display adapt- 
able for use with the invention is the Eyephone HRX from 
VPL Research, Inc. 

Another form of a virtual reality system useful with the 
present invention could include sound along with motion 
and vision. In a preferred embodiment, the sound system 
utilizes directional sound generation. Directional sound gen- 
35 eration would allow the user's ears to perceive sound from 
different locations giving an indication of direction. One 
such system, the Convolvotron, has been dually developed 
by NASA's Ames Research Center and Crystal River 
Engineering, of Groveland, Calif. 
40 The generally spherical capsule (20) is desirably free to 
fully rotate around the three orthogonal axes located at the 
center, the capsule has no direct physical contact with any 
external elements. Sliding contacts or hardwire cables are 
not particularly feasible in the embodiments depicted in 
45 FIGS. 1 and 2 because the data cable (227) shown in FIG. 
3, for example, would interfere with the frame (40) as the 
sphere is rotated through certain angles or in certain direc- 
tions. For example, if the user were to induce motions which 
would turn him or her upside down, such as in a simulated 
50 roll of an airplane, the cable system illustrated in FIG. 3 
would tend to abut against the frame or the rollers. 
Consequently, data in the embodiments of FIGS. 1 and 2 
must be exchanged between the capsule (20) and the exter- 
nal environment by electromagnetic means, as mentioned 
55 briefly above. 

One such electromagnetic means may be a combination of 
multi-spectral digital laser pulses sending information into 
the capsule (20), and UHF radio signals sending information 
out of the capsule (20). For this communication 
60 configuration, a laser sending digital pulses aims its beam 
toward the capsule (20). A beam spreader widens the laser 
beam so that it projects the signal into a circular area called 
the "data circle." Laser-sensitive receivers (not shown) may 
be spaced evenly over the surface of the capsule (20) so that 
65 at least one receiver is within the data circle at any time. If 
necessary, these receivers may be flush with the rest of the 
surface of the capsule or be recess-mounted in the surface to 
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avoid any unwanted effects from contact with the rollers 
supporting and driving the capsule. 

Inductive means, such as two wire coils, may be used to 
provide power inside the capsule (20), where direct connec- 
tion of power is not feasible. Alternatively, quick-charge or 
replaceable batteries may be employed within the capsule 
(20). 

In addition to the sensations of sight, sound, and 
movement, the instant invention may also operate on the 
basis of the user's sense of touch by using interactive solids. 
Interactive solids for use with the invention are contem- 
plated as being either "passive" or "active". As used herein, 
the term "passive interactive solid" refers to a solid or 
semi-solid object which remains substantially stationary or 
is under the direct physical control of the user, while the 
term "active interactive solid" is used to refer to a solid or 
semi-solid object which can be moved by the virtual reality 
system in coordination with the electronic simulation of 
physical reality and physical input from the user. 

Passive interactive solids are not connected to the inter- 
active control means, and as such, move (if at all) only when 
physically acted upon by the user. Passive interactive solids 
may be used to impart the physical sensations of touch in 
fixed environments or corporeal objects that may be simu- 
lated by inanimate objects. 

For instance, a passive interactive solid may comprise a 
mock-up of a control panel which remains fixed within the 
capsule regardless of the movements of the user or, in the 
case of simulated switches and the like, will move only 
when the user reaches out and physically moves the switch. 
Active interactive solids, in contrast, are moved within the 
capsule under the control of the virtual reality system and 
may take the form of a solid representing a wall which 
moves within the capsule as the user "moves" within the 
virtual environment. In an alternative embodiment having 
application in the emerging field of so-called "virtual sex," 
the visual images displayed for the user may be explicitly 
sexual in nature and the active interactive solids may be 
solids or semi-solids which represent an interactive partner 
in the "virtual sex" environment. 

FIGS. 7-8 show an interactive support apparatus (100) 
which is a type of active interactive solid. In the present 
invention, the interactive support and apparatus (100) is a 
self actuated solid that moves in coordination with the 
virtual vision depicted on the head-mounted visual display 
(30) and in response to the physical contact of the user. The 
interactive support apparatus (100) may include a support 
arm (104) that is attached to the capsule (20). Aback plate 
(106) may be connected to the support arm (104) and 
hingedly attached to abdominal support plates (108) by 
motorized hinges (107). Each abdominal support plate (108) 
may be attached to two first limb support plates (110), and 
each first limb support plates (110) may be attached to a 
single second limb support plate (112). The motorized 
hinges (107) may connect the abdominal support plates 
(108), first limb support plates (110), and second limb 
support plates (112), so that the user is sufficiently supported 
along all parts of his or her body. 

Upon entering the capsule (20), the user may simply 
recline in the interactive support apparatus (100) and be 
strapped into place by the restraints (102) as shown in FIG. 
7. The restraints (102) are preferably placed near major body 
joints. The user will preferably be further secured to the 
interactive support apparatus (100) by a shoulder harness 
and groin straps (not shown). The restraints (102) may be 
velcro straps, mechanically actuated rigid clamps, or any 
other suitable device. 
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The interactive support apparatus (100) ensures that the 
user is supported in a manner appropriate to both the actual 
physical environment and the manufactured virtual environ- 
ment. While reclining, for example, a user is supported from 

5 beneath. An arm aUached to first and second limb support 
plates (110 and 112, respectively) will be allowed to move 
freely above the virtual surface of reclination. Once the arm 
attempts to move through the surface of reclination, 
however, the support plates become rigid and the user's arm 

10 is prevented from passing through the virtual surface. In 
another example, a user may be suspended beneath the 
interactive support apparatus (100) and the first and second 
limb support plates may provide the sensation of moving a 
wing through the air as the user experiences flying like a bird 

15 in virtual space. 

FIG. 9 depicts an alternative embodiment of an interactive 
support apparatus (100) which is capable of moving along 
three orthogonal axes within the capsule (20). In FIG. 9, the 
actuator arms (348) and translatable support arm (349) may 

20 all be connected on one end to the capsule (20) by rotatable 
connectors (355). The actuator arms (348) may be connected 
on the other end to the housing (353) of the translatable 
support arm (349) by rotatable connectors (355). The trans- 
latable support arm (349) may then be securely connected to 

25 back plate (106). 

The actuator arms (348) and the translatable support arm 
(349) are depicted as cylinders that may be powered, for 
example, hydraulically, pneumatically, or electrically as 
ball-screw type actuators. Additionally, the actuator arms 

30 (348) and the translatable support arm (349) may be 
arranged as a tripod. One advantage to providing translation 
back and forth along three orthogonal axes within the 
capsule (20) rather than by moving the frame (40) as shown 
in FIG. 1 is that the components required for translational 

35 motion within the capsule (20) are smaller in size and do not 
require as much power. Moreover, the size of the capsule 
(20) will only need to be increased a nominal amount. 
FIG. 10 depicts another type of active interactive solid for 

^ simulating walking. As the user's feet rise up and down, 
either a first platform (401) or a second platform (402) rise 
or fall to meet each step. Similarly, FIG. U depicts an active 
interactive chair. A seat platform (404) may move into 
position to act as a seat while a back platform (403) may 

45 move into position to act as a back. The active interactive 
solids depicted in FIGS. 10-11 allow a user to alternatively 
walk and sit upon a solid support while staying within the 
environment of the capsule (20). 

FIG. 12 shows an interactive step (400) which moves with 

50 respect to the inner surface of the capsule (20). The inter- 
active step (400) is also an active interactive solid. A linear 
actuator (405) may be mounted on two rotatable axis, 
"A— A" and "B— B". Afoot pad (410) may be connected to 
the upper end of the linear actuator (405) and may be 

55 rotatable around axis "C — C" and "D — D". A first lower 
stepper motor (407) causes rotation about the "A — A" axis. 
Similarly, the second lower stepper motor (406) causes 
rotation about the "B — B" axis, the first upper stepper motor 
(409) causes rotation about the "C — C" axis, and the second 

60 upper stepper motor (408) causes rotation about the "D — D" 
axis. 

In the virtual reality environment, the interactive step 
(400) may simulate stepping up a pathway by first using the 
lower stepper motors (407) and (406) to orientate the linear 
65 actuator (405) in the correct direction, and then the upper 
stepper motors (408) and (409) rotate the angle of the foot 
pad (410) to match the inclination of the expected terrain. 
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It is understood that a rotation about axis "A — A", Typically, the first sensor (521), second sensor (541), and 

"B — B", "C— C\ and "D — D" may be accomplished by a third sensor (561) may be of the micro-machined solid state 

variety of positioning means known to those skilled in the art type available from a number of manufacturers. The inven- 

of motion control. For example, any of the stepper motors tio n permits attachment of the valves (515) and sensors 

may be replaced by a servo motor, plain DC motor, AC 5 (521) to the rigid shell (510) along the surface (511). In the 

motor, hydraulic motor, pneumatic motor, or even a linear preferred configuration, at least three sensors may be 

actuator. The linear actuator may be driven by hydraulics, mounted near every joint (505). 

pneumatics, or electrically. Alternatively, the foot pad (410) , . , „ 

may be placed at the end of a two-part linkage with each In *• P reseQt "ventton, an advantage of an interactive 

joint angle precisely controlled as depicted in FIG. 10. pneumatic support suit (501) with controlled joint action is 

FIG. 13 shows another type of active interactive solid, an 10 me ^ ™ b * activcl y em P lo yed to create the sensation 

interactive fluidic support apparatus (500). The fluidic sup- of 7^"*^ 7° CTeatc a vb,m1 ' oU ' Pneumatic support 

port suit may use either a gas or a liquid as the support smt ( 501 ) ^ allow motion up to, but not through the space 

medium. A pneumatic support suit (501) may support a user occu P ied by a virtual solid. For example, contact with a solid 

in a suspended state and uses a gas as the support medium. e such as a wall will cause the pneumatic support suit to lock 

Abuoyancy suit (not shown) may use a liquid as the support 15 U P » ^ ^ h be y° Dd the virtual P lane of the 

medium. In a pneumatic support suit, the joints (505) may be creatm S the nation of a solid wall in a particular 

mechanically actuated to respond to the user's positioning l °™ i10 ": Simi1 ^ the user may experience virtual flying 

requirements. For clarity, FIG. 13 omits depiction of the ^ a bud ^ aavm g * e sheU ( 510 > of the P^^atic 

actuator means at the joints (505), except as shown by the , n support suit move and vary the air pressure in the bladders 

dual push/pull pistons at the left knee joint (506). A linear 20 to ***** me force of the "8** sheU to the user to create thc 

actuator (507) may position the user's body in response to perception of drag and lift against a wing, 

the user's positioning requirements. The interactive solids require a position sensing system 

The pneumatic support suit (501) may be attached to one for providing the correct position in coordination with the 

end of the translatable support arm (349) and the other end 25 virtual environment depicted on the head-mounted visual 

of the translatable support arm (349) may then be attached display (30). One example of position sensing system is 

to the capsule (20). Two additional actuator arms (348) may described above in the description of the pneumatic support 

be attached to the translatable support arm (349) by rotatable suit (501). Another example of a position sensing system 

connectors (355) at the housing (353). within the capsule (20) requires a combination of transmit- 

The cross section of the pneumatic support suit (501) 30 ters and receivers, where a number of receivers evenly 

shown in FIG. 13 medium is shown in FIG. 14. The spaced along the inside surface of the capsule (20) sense the 

pneumatic support suit (501) may use a rigid shell (510). An V^on of a number of transmitters that are attached to 

air bladder (512) may be placed immediately adjacent to the vanous P omts of a user ' 

rigid shell (510) on one side and a semipermeable layer of The transmitter and receivers used in the position sensing 

material (517) on the user's side. A semirigid poms layer 35 system are well known to those skilled in the art. For 

(518) may then be disposed between surface of the user and example, Logitech, Inc. uses an ultrasonic technique for 

the semipermeable layer (517). Air input from a high pres- determining position in their 2D/6D Mouse. As another 

sure supply (514) may be regulated by the control valve example, one could use a magnetic position sensor such as 

(515) with integral pressure sensing. As the air enters that marketed under the name "Flock of Birds" by Ascension 

through the control valve (515), it inflates the bladder (512) 40 Technology Corp. of Burlington, Vt. The Flock of Birds 

to provide support to the user. The air then passes through system may be of limited use if power is supplied to the 

the semipermeable layer (517) and into the highly poms capsule by inductive means, as noted above. Also, the 

region (518) where it may then be exhausted out of the PLADAR (Pulsed Light Angle Direction Tracking And 

system along the exhaust path (519). The TiNi Alloy Com- Range) tracking system by David Fenner of the United 

pany in San Leandro, Calif., manufactures a valve suitable 45 Kingdom uses LED transmitter-receiver couplings, 

for use as the valve on this application. Using the PLADAR system, transmitters may be posi- 

Relative and absolute positions of key external points of tioned at points on a user's body. Three receivers, having an 

the pneumatic support suit such as the head, joints, feet, and open line of sight to each sensor, then accurately determine 

center of gravity, may be calculated by kinematic means the point in space of each receiver by triangulating the 

well known to those skilled in the art. Additional position 50 relative signal strength between the emitter-receiver pairs as 

information may be obtained by optical or sonic means. an indication of distance between the pairs. Consequently, 

The air pressure in bladder (512) varies according to the the position of each transmitter may be determined and then 
position of the user with respect to the bladder (512). processed to determine the position of the corresponding 
Position of the user may be sensed using a sealed chamber D °dy P art of a user. The active interactive solids can respond 
(520) which encloses a pressure sensor (521). FIG. 15 shows 55 to a user's requirements for support, suspension, or free 
a cross section of sensor location of the pneumatic support movement, by combining force sensing on the active inter- 
suit shown in FIGS. 13 and 14, with three pressure sensors active solid acting against a user and the position of the 
a first sensor (521), second sensor (541), and third sensor user 's body parts as determined by a sensing system such as 
(561). With the sensors spaced evenly at 120°, the position ^e PLADAR light-based system. 

of the user's body may be determined continuously and 60 A sense of touch may also be achieved by taking ad van- 
accurately. If a supported segment of the user's body tends tage of the fixed nature of certain virtual experiences, 
to go over to one wall of the suit and away from the other, Interchangeable passive interactive solids may be used to 
one pressure sensing bladder is compressed while the other tailor the environment inside the capsule (20) to conform to 
expands. For example, as pressure in the first bladder (512) a specific virtual experience. In the present invention, pas- 
increases, pressure in either the second bladder (532) or third 65 sive interactive solids have no means of self-actuation, 
bladder (552) may decrease giving direct indication of the Passive interactive solids are generally pre-formed shapes 
position of the user within the rigid shell (510). whose contours match those of the virtual environment, and 
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may be installed or removed quickly. Toggle-clamps or the the user (690) will have sole control over the virtual inter- 
like may be used to speed installation of a complete passive action. The imagery corresponding to the interactive solid 
interactive solid environment. (691) may also be generated by input from a second user 
One example of passive interactive solids involves a (not shown) in a separate capsule (not shown). When the 
"mock-up" of the interior of an aircraft cockpit. In a cockpit, 5 imagery is generated by a second user in a separate capsule, 
a pilot views the components of the cockpit's interior as the interactive solid (691) is controlled by the second user 
fixed with respect to his position while the sky and earth anc ] optimally is adapted to mimic the motions of the second 
appear to be moving. Pre-formed shapes whose contours user in the confines 0 f tne second capsule. Similarly, if the 
match those of the virtual cockpit can be installed within the second user is interacting with a similar interactive solid in 
capsule (20) so that :. user can press real buttons gnp a real 10 ^ , ^ interactive mM ^ 
control stick, and otherwise press against real solid surfaces coMd b ^ ^ (6 } 
corresponding to specific objects displayed m the virtual ^ 7 K ' 
environment. Specific detail such as control gauges which oas ' 

respond to the actions of the user may be added virtually In FIG. 17, the user (690) may be supported by an 

through the vision system. interactive support apparatus (600) similar to the interactive 

FIG. 16 depicts one embodiment of a virtual environment 15 su PP°rt apparatus shown in FIG. 9. The interactive solid 

including passive interactive solids. The user may recline in mav also be supported by an interactive support 

a fixed chair (430) which may be fastened to the inner apparatus (600). An alternate embodiment of the interactive 

surface of the capsule (20) by clamps (433). A control panel support apparatus (600) includes a rotation ring (650) for 

(440) may house a number of switches (443) which give an imparting complete rotation of the interactive solid (691) 

indication of being pressed. The control panel (440) does not 20 about me longitudinal axis of its torso. The rotation ring 

house any dials or gauges, as those are represented visually ( 650 ) permits a variety of interactive positions, 

through the head-mounted display (30). FIG. 18 depicts an alternative support apparatus (620) of 

By using passive interactive solids, the "reality" that the me present invention for imparting greater freedom of 

user experiences includes all of the elements of a fighter movement to the interactive solid (691). The interactive 

cockpit, for example, either through actual solid objects or support apparatus may include a linear actuator (624) which 

virtual representations through the head mounted display *s movably attached to a positioning track (620). The posi- 

(30). The passive interactive solids will allow the user to tioning track (620) is mounted to the inner surface of the 

accurately sense pressing buttons and flipping switches and capsule at its ends. The linear actuator (624) moves the 

the like, and the system may respond as though the user is - 0 interactive solid (691) in and out along the longitudinal axis 

pressing real buttons. of the actuator. The movable contact of the linear actuator 

An alternative or additional approach to interacting with ( 624 ) alon fi me arc of me positioning track (626) enables 
passive interactive solids includes a sensing system for enhanced positioning of the interactive solid (691). A rota- 
sensing the position of the user's lower arm and hand. Such tion C 650 ) ma Y 06 attached to the free end of the linear 
a sensing system uses either light or ultrasonics, and may 35 actuat or to rotate the interactive solid (691) 360° about an 
include an emitter (450) positioned near the users hand and an 8 le relative to the longitudinal axis of a torso of the 
a number of detectors positioned on the control panel (440) interactive solid. 

as shown by three detectors (455), (456) and (457). Position FIG. 19 schematically shows operation of the rotation 

information may then be accurately determined and an ring (650) permitting the user (690) or an interactive solid to 

image of the user's hand and arm can be coordinated into the ^ move into alternate positions. The rotation ring (650) may 

image projected in the head mounted display (30). For include a fixed ring (655) which is rigidly connected to the 

example, a user will see his or her hand moving toward the linear actuator (653), and a moving ring (660) which 

control panel (440) and activating switches (443) when such engages the fixed ring (655) along its outer surface and 

a sensing system is employed. support the user with its inner surface. The moving ring 

Passive interactive solids are not limited to objects that 4S (<> 60 ) rotates within the fixed ring (655) to permit the user a 

define a fixed environment such as chairs and control panels. foil 360° rotation or to impart a full 360° of motion to an 

Passive interactive solids also include inanimate devices that interactive solid (not shown). Any suitable means known in 

passively simulate living beings such animals or humans. the art, such as gear and motor assemblies or hydraulics, 

For example, a passive interactive dog may be used to mav impart the rotation to the moving ring (660). 

impart the sensation of touch as a user pets a virtual dog, or 50 FIG. 20 depicts an embodiment for a vehicular motion 

a passive interactive human may be used to impart the simulator. A lower hemisphere (22) is supportively abutted 

sensation of physical contact. Of course, such objects could by the active rollers (60) mat are connected to the frame (40) 

also be made as active interactive solids so that the dog or as described in FIG. 2. Four high frequency linear actuators 

the partner move independently of direct physical contact (149) may be connected to the inside wall of the lower 

with the user. 55 hemisphere (22) and connected to the four corners of a seat 

FIG. 17 depicts an alternative embodiment of a virtual (126). The high frequency motion conveyed by the high 

system of the invention including a generally human-shaped frequency linear actuators (149) to the seat (126) simulates 

interactive solid (691) simulating a human partner. The user the high frequency vibrations of a vehicle traveling over a 

(690) may wear a head-mounted display which displays the road. The low frequency motion of the vehicle such as 

position and motion of the interactive solid (691) in virtual 60 cornering or acceleration may be provided by the actuators 

space exactly as the interactive solid is positioned in real (148) and active rollers (60). 

space. This embodiment may be used for a variety of Given any data exchange format, a user inside the sphere 

purposes, such as in teaching dancing lessons in a virtual may either be passive or active. A passive user might put a 

reality environment, simulating wrestling, or in 'Virtual sex" ROM disk into the CD disk drive, or interface with a cable 

applications. 65 television channel. The user might then be guided through 

The imagery corresponding to the interactive solid (691) an amusement park ride where such a ride would have nearly 

may be completely generated by a computer; and as a result, all of the characteristics of a real ride. 
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Alternatively, an active user might interface with a dedi- that connection may be maintained with the equipment worn 

cated data link to a central node computer and participate in by the user. Slip-ring assemblies are readily known to those 

a continuous game involving many players operating in their familiar with rotary electrical contacts. In a similar fashion, 

own virtual reality environment at separate locations. These the vertical motion of the user is permitted by an extension 

individual users will each share the same "virtual space" and 5 mechanism (720). Said extension mechanism allows only 

could compete or otherwise interact as if they were in the haear motion, and permits passage of electrical signals to 

same physical space. Such interaction may involve conver- anc * ^ rom ^ c uscr - 

sations or physical contact such as dancing. Th e preferred embodiment of the device is a combined 

rr, a . o i l a ti» r ODT/VR system as revealed in FIG. 21. It allows close 

The invention may also include other means for stimu- . . . , « ... 

. . . J . j 1rt coupling of the users physical direction and velocity with 

latmg a user s senses such as smell, taste, and temperature. 10 ^ £ ^ ^ ^ fc navigating J Su ch 

Since the capsule forms a closed environment, it is within a s ^ em ^ , icall includc a head . mountcd display 

the spirit of the invention to include stimulating all known (j^) (30 ) with speakers and microphone, data g!ove(s) 

scnscs ' (722), a body sensing suit (not shown), exoskeletal joint 

Other types of interactive solid useful in a further embodi- angle sensors, and/or other related apparatus. Said VR 

ment of the invention are shown in FIGS. 21-39. FIG. 21 15 system would likely include a computer (35) for image 

depicts an Omni-Directional Treadmill (ODTX^Ol) with an generation, sound generation, and processing of related data 

active surface (702) which employs a unique mechanism by such as head and hand position. Though not explicitly 

which a user (703) positioned at any location on the active shown, peripherals worn by the user are bard-wire connected 

surface may be transported to any other point on that to me computer system through wires running up the support 

surface. Typically, a user who is headed off the active surface 20 strut C 712 )' through the X-Y tracking support (713), and 

is moved back toward the center of the surface analogous to down me ^PP 01 * frame vertical member (715). 

the way a linear treadmill prevents a user from running off ^ ODT works in synchrony with the VR system by 

the front or being flung off the back. sending velocity and direction signals to the image genera- 

, " _ .... , uon computer. The computer uses the velocity vector thus 

Integral to the ODT is a closed-loop motor control mccha- ^ providcd t0 update me which ^ shawn [ 0 mc ^ ^ 

nism (704) and user position-sensing devices (705, 706) mat the ^ ^ a image which takes into accoimt 

which pinpoint the position of the user (703) with respect to mis vector For example, if the user's velocity is Vi meter/sec 

the fixed axes of the treadmill's active surface. These two m t be X direction as indicated by the X direction motion of 

work in concert with X axis control motor (707) and Y axis the treadmill, the user will observe objects within the virtual 

control motor (708) to ensure proper positioning of the user 3Q wor id passing by at Vi meter/sec in the minus X direction, 

on the active surface, which is fixedly attached at selected Alternate embodiments of the combined ODT/VR system 

points to a rigid base (709). In the embodiment of FIG. 21, mc i u d e the ability to tip the platform to stimulate uphill 

the position sensors are ultrasonic transducers of a design and oerw orked VR experiences in which one user 

well known to those skilled in the art of ultrasonic position sharcs a yirtual ^ omcrs M6itioQal embodiments 

sensing. 35 0 f mc ODT/VR system include integration of sensing and 

To address the problem of balance, the ODT optionally stimulation systems. Examples of additional sensing sys- 

includes a means for steadying the user. A structure as terns might optionally include full or partial human surface 

simple as a circular railing may suffice. More preferable mapping, video capture, or their combination, which can be 

from the standpoint of transparency is the use of a balance manipulated and transported as the user's virtual image. A 

cuff (710) which attaches near the user's center of balance. 40 companion traveller in virtual space would then see a 

A hinge (711) at the small of the user's back connects the real-time facsimile of the user. 

cuff to a support strut (712) which services to link the user fig. 22 is a block diagram for the control of a single 

with the X-Y tracking mechanism (713) of the support frame motor. This motor and its affiliated control loop may actuate 

(714) . Under normal circumstances, the cuff permits active e i mer the X or Y axis control for either the active surface or 
X-Y tracking of the user because the support strut (712) 45 the support cuff tracker. With reference to FIG. 22, for a 
actively maintains a vertical position. In this fashion, the s jugi c ^ D f me acave surface, the control signal is set for 
user barely knows the cuff is there. When the user becomes zcro at the center of the surface. If the position signal is 
unstable, however, the cuff serves to assist in regaining off-center, the summing junction generates an error signal 
balance. which is proportional to the error. A PID (proportional- 

In order for the cuff and strut support to actively track the 50 integral-differential) controller, which is well known and 

user in any orientation, the strut is preferably connected to well characterized to those familiar with the art of motion 

a support structure (714) directly over the user's head which control, is tuned to interpret the error signal over time, 

is supported by at least three vertical support members outputting a signal which controls motor velocity along one 

(715) . Two motors (716, 717) actuate the X-Y tracking axis. Motor velocity and its associated direction are inter- 
means respectively to maintain the support strut (712) in a 55 preted by tbe VR system as a velocity and a direction, and 
vertical position with respect to the user. Motors are con- the image presented to the user is updated accordingly, 
trolled by sensing the variance of the support strut from the Motor velocity also causes the active surface to be driven in 
vertical. A pair of X and Y potentiometers (718) sense the a direction which reduces the error. The plant represents the 
angular error of the support strut in the XZ plane and YZ system components, including the user, which are respon- 
plane respectively. An XZ error, for example, indicates that 60 sible for generating a position signal. In the instant case, the 
the X motor (716) must drive the mechanism in the direction plant includes first, the active surface as it is driven back 
to reduce the error to zero. Likewise for an error in YZ plane toward center, second, the user, who is being driven back 
controlling the Y motor (717). Rotations about Z caused by toward center by the motion of the surface; and third, the 
the user turning are passed through a slip-ring assembly ultrasonic transducers, which sense the absolute position of 
(719). Said slip-ring assembly prevents a winding or twist- 65 the user with respect to the zero reference position, and 
ing of the support strut, and also permits passage of elec- generate the position signal which may be resolved by the 
trical power and signals through rotary electrical contacts so summing junction. 
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C6ntrol of a support cuff tracking motor occurs in a or power requirements. For clarity, the user, position sensors 

similar fashion. With reference to FIG. 22, the control signal and computers are omitted from the figure, 
is set for zero when the support strut is vertical with respect Haptic interaction may be accomplished through use of 

to its active axis. If the position signal shows an angle other active or dynamic "interactive solids'' also referred to gen- 

than zero, an error signal is generated which is proportional 5 eraU 35 « h dc mGS . 25 and 26 show how such 

to the angular error. The PID controller outputs a sign* for h ^ dis { J ^ ^ ^ nQ 25 d {c& 

the motor controlling the axis of mterest, which turns at the ^ f m ?J £ Here we ^ the ^ (703) ending on 

specified velocity. The motor velocity drives the mechanism . /-n<*\ _ . r . v ' „. j 4t 

of i,e plant in the direction to reduce the error to zero, and ^ °™ ^'J^° ntd 45 ^ fore by * Cuff t , and S ™ 

the next cycle is begun. In the embodiment of FIG. 21, the , n pe^ly (756). Tie user is reaching out and I touching a flat, 

position signal might be generated by a rotary potentiometer 10 bot f>^ surfa <* (758) upon which he is about to sit. Said 

(718) which is affiliated with the axis of interest. surface is controllably placed by a motorized strut assembly 

. , . ... , r . ~ _ . , consistmg of a honzontal member (730), a vertical member 

An alternative embodiment of the cuff support is shown in j u- * i * ice «m « 

t-i^ ry« .-^v . . . r u ..... (732), and hinge control motors (764, 766, 768). This 

FIG. 23. The user (703) is shown wearing a harness (721) v . & , . . <. „ v . ' ' , 

. . rt/^i/vx r.u * , ? ^ _ v ' positionmg assembly is fixedly mounted on a secondary 

rather than a cuff (710) of the type shown in FIG. 21. In this 15 r 4 . . /-^.v « . . • o j 

. , . v „ ' _ . j.u t- 15 mounting nng (734) of the type first shown m FIG. 23. Said 

case the harness is flexibly connected through a hinge (711) fc ^ ^ b , motor (723) m , fashion 

to a ngid honzontal member (730) Said member is hingedly sjmilar w ^ of d ^ fa surfece 

connected to a vertical member (732) which is hmgedly of me ^ (75g) ^ be eMUbl laced b 

connected to a relating fixture = nng (734). Said nng is ^ tMc rotalion of ^ ^ ( „ 4) J ^ / f 

rotatably held ^wuhin the base (724). In the section view, 20 ^ ^ pM ?6( . an< f 768 ^ 

23<2, we see that the fixture nng is fastened to a gear nng ,. , 

(736) which rests on a dual bearing race (738) supported by ™ G }* VKUal "J* » n bv ""J"? of FIG ; 

a bearing ring (740). The gear ring is restrained from 2S J ,n vlrtual ^ ? f ? IG - 2 f me ^' (7< ?> "J s and 

transverse movement by the bearing race grooves, and is P"*"""* mteracts with the surface of FIG. 25 where it 

constrained in the upward direction by roller contacts (742). „ a PP ears . 28 a J 772 )- ^ 15 311 exaln ple of ? dV 11211010 

Said ring is driven about its center by geared contact with a "^active solid (also referred to as an "active interactive 

spur gear (744). The spur gear is driven by the drive motor 801,(1 • above) because it may dynamically interact with the 

(746) through a gear reduction means (748). user t0 sohdl ^ ,he »J»«»»tic VKUal A »«»nd chair 

Shear sensors within the cuff (750) or at the binge (711) < 770 ) . ™ b ch » wM lj? <Il ,he US6r ' S ^ ^ " 

, , . , . , v y t 4 . • t r available to sit upon. If the user were to choose the second, 

generate a signal which is analogous to the error signal of 30 , . . . 1 j • 1 * a « ♦ *u • u • tu 

Si^ tu ♦ /- w j • 4U • j- ^ * lower chair, he would simply turn and walk to that chair. The 
FIG. 22. The motor (723) drives the ring m a direction to /~%a\ c >»» -« ■ .u * » » j /« 0 ^ 

* , ♦ »4 j t ( l ■ nng (734) of FIG. 25 will swing the interactive solid (758) 

reduce the shear sensor output toward zero. In this manner # 6 v y , ... . . & # , - - . v j 

t . re j 1 *u » • 1 to correspond with the anticipated surface of the second 

the cuff and support struts track the user s position, provid- . . /^ivT a *u \ u * a •« 

ing support and baUncing assistance to the user along with chau ^ aad 1,36 1,561 ma y touch 11 411(1 Slt U P° D 

a hard-wired connection to the HMD and sound system. In 35 . Io a sumlar fas ¥ on ' a ma y ta ""^ P bced 00 tbe 

all other respects, the active surface (702) of the ODT "^mobile base of the ODT. TTiis example of a passive 

behaves the same as that in FIG. 21. For clarity, the position interactive solid performs the same function as a dynamic 

sensors, motor drivers, and computers are omitted from the interactive solid, but has no ability to move or react to the 

ggyjg user or the virtual environment. The image which cone- 

An'altemate embodiment would provide better support 40 t0 *f d V ^T^ d ? ^^^spacc of 

for the user by making the hinge support (752) of the both . thc re £ L worl ^ [ ™* thc world. An example of said 

horizontal member (730) and the hinge support (754) of the P 3551 ^ ^ mi & 1 te a dcskto P' 

vertical member active members, i.e., they could be actively Passive and dynamic solids are not restricted to the 

damped. Active damping would sense the rate at which the circular-ring embodiments of FIG. 23-26. They may just as 

user is moving, and would increase damping in proportion 45 cas ^ be implemented within the embodiment of FIG. 21 

to the velocity of movement. In this way, if the user should and its rclated variations. An example of such a hybrid 

fall or lose his or her balance, the rapid change in velocity svstcm would includc abovemounted cuff support, such as 

would cause much increased damping at the hinges, thus shown ^ FIG - 21 » 45 weU 85 sin & G or multi P le rmgs for 

providing the support needed for the user to regain his or her positioning and securing passive and dynamic interactive 

balance. " 50 solids ' 

A non-motorized embodiment of FIG. 23 would employ ^ invention is not restricted to the use of a balance cuff, 
a hand grip for steadying balance, as shown in FIG. 24, Oimii Directional Treadmills with a larger surface and gentle 
rather than the actively tracking cuff of FIG. 21 or the centering actions may not need a cuff to support and balance 
harness of FIG. 23. The hand grip (760) attaches through a a A lar S e active surface area allows restorative forces 
horizontal member (730) through a binge (752) to a vertical 55 10 S entle enough to avoid upsetting the user's balance, 
member (732). Tbe vertical member is attached through a Interactive solids are referred to in the literature as "haptic 
hinge (754) to a rotating fixture ring (734) of the type displays" or "roboxels". Related work has evolved interac- 
depicted in FIG. 23 which is rotatably attached to the base tive surfaces such as circular plates and shafts with torque 
(724). Because the ring rotates around the user (not shown) feedback (Good, U.S. Pat. No. 5,185,561). Exoskeletal 
under power of the user, there is no motor. The user would 60 devices, such as those developed by Exos, Inc. and by Tachi 
always have at least one hand on the hand grip, and would in Japan, permit force feedback from shapes of arbitrary 
apply forward and backward force, and torque to the handle geometry. It is in the spirit of the invention to optionally 
to properly position it as he or she moved about the active include both passive and dynamic interactive, reality- 
surface (702). This embodiment of the invention, though enhancing means as integral to the function of the ODT. 
reduced in features, would be less costly to manufacture and 65 By itself, the ODT is useful as an exercise device, a 
would require less ceiling height. The unit could be com- motion analysis device for movement in arbitrary directions, 
fortably installed in the home or office with no special height and a training device for lateral moves in arbitrary direction. 
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Combined with a VR system, the ODT is useful for exercise, Since the contact lines at the top of each roller are moving 

motion analysis, training, recreation, virtual space in concert, a mass resting on the active surface (821) defined 

navigation, telepresence, education, and psychological by the sum of the contact lines is moved in the direction of 

analysis and therapy. the combined X and Y motion vectors. The active surface of 

In order for an active surface to move a resting mass in 5 this figure (821) may be identified with the active surfaces 

any direction, it must have available two active vector of FIG. 21, FIG. 23, and FIG. 24. 

motion components, plus and minus X, and phis and minus By actuating the beaded belt and the flat belt 

Y. A linear treadmill has only plus and minus X. The ODT simultaneously, the surface contact lines of the rollers may 

has both. be made to impart any combination of X and Y movement. 

The ODT employs a "vector thrust drive" which mechani- 10 For instance, in FIG. 29 we see a roller segment (830) 

cally separates the two motion components so that they can moving at plus 1 foot/second in the X direction (831), and 

be powered and controlled by two separate motors. The the flat belt (832) is moving at minus 1 ft/second in the 

vector thrust is the vector sum of the X motion component minus Y direction (833). The freely-rotating roller converts 

and the Y motion component. the belt's -Y motion to a +Y motion at the contact line (834). 

As shown in FIG. 27, the active surface (780) of the ODT, 15 And combined thrust vector (835) equals the vector sum 

hereinafter referred to as the roller belt, is comprised of a of the two Mi ' s motions, i.e., 1.414 ft/second at an angle of 

multiplicity of identical roller segments (781). A roller 45 degrees in the first quadrant. 

segment consists of a rigid shaft (782) upon which is For better stability, the underside of the flat belt is 
mounted a freely rotating roller (783) which is kept within supported by a smooth, flat, rigid surface (836). The inter- 
its lateral boundaries by spring clips (784) fastened at the 20 face surface between the flat belt (832) and the support 
ends of the shaft. Ends of the shaft are formed into eye hooks surface (836) is preferably reduced in friction by coating 
(785), which, in turn, are held around a common hinge axis with a slippery substance such as teflon, 
by a hinge rod (786). Contact points of individual eye books A tensioning mechanism is advantageously employed on 
are separated by spacers (787) to properly position them and one of the two rollers in the X direction and one of the rollers 
to prevent lateral motion. Each roller fictionally abuts a 25 in the Y direction, preferably the idler roller, so that any 
surface (788), preferably a flexible belt, moving at right slack or relaxation of the belts may be taken up. 
angles to the motion of the roller segments, along a line of Rollers may be arbitrarily small or arbitrarily large, 
contact (789) which serves to create selective rotational However, sensible limits are placed on roller size by factors 
motion (790) to the roller. The flexible belt is supportively such as ease of assembly. In addition, the size of the 
abutted by a rigid support plate (791) which substantially hexagonal rollers is determined by the length of the roller 
takes the load of the user's weight, and ensures that the and the hinge segment it defines. Obviously, there is an 
active surface remains flat. optimal roller size range for said assembly. 

X-direction motion (792) of the roller belt (780) is driven A hexagon shape has been arbitrarily chosen to depict the 

by the X-direction motor (707) of FIG. 21. Y-direction 35 roller belt actuation means. The roller is not restricted to this 

motion (792) of the flexible belt (788) is driven by the shape, though it is reasonably expected that the roller will 

Y-direction motor (708) of FIG. 21. have between six and eight sides to optimize the balance 

FIG. 28 shows the complete mechanism for achieving full between size and manufacturability. 

omni-directional motion, and shows that the hinge rod (801) The vector-slip principle may be employed with discrete 

permits the roller belt (802) to flex around rollers (803, 804) ^ components of another form as well. In FIG. 30 is seen one 

at the belt edges. Hex rollers actuate the roller belt in the plus corner of the active surface of the ODT (841), which consists 

and minus X vector direction (805). As shown, rollers are of a multiplicity of identical beaded segments (842). A 

hexagonal in shape to accommodate the hinged nature of the beaded segment consists of a flexible cable (843) upon 

roller belt. which is strung a number of beads (844). The cable is 

In the embodiment of FIG. 28, one hex roller is powered 45 fastened end to end to form a closed loop. Beads are 

by a motor (806) while the other is an idler (807), although separated by spacers (845). Spacers serve two purposes, 

both rollers could easily be powered. The linearly actuated First, they ensure a uniform bead spacing. Second, they 

planar surface (808), which is the top surface of a flat, impart linear force to the bead as the cable is pulled in either 

closed-loop drive belt (809) is placed in intimate contact direction. Without the spacers attached to the cable, the 

with the bottom surface of the roller belt (810), and oriented 50 cable would tend to pull through the beads rather than force 

so that its motion is at right angles to the motion of the roller them in the desired direction. 

belt. It is supported and directed at its ends by rollers (811, Rollers (846) (only one shown) support and direct the 

812). In the preferred embodiment, only one roller is actu- return loops (847) at the segment ends. Adjacent segments 

ated by a motor (813); the other is an idler roller. are fastened to each other by the spacer mechanisms (845). 

Rollers are supported by bearings (814), or by a motor 55 The combination of adjacent bead segments and their asso- 

drive shaft (815). The bottom surface of the flat, flexible ciated spacers forms a uniform surface of beads, which is 

drive belt (809) is supportively abutted by a rigid support directly analogous to the uniform surface of the roller belt, 

plate (816) which is supported at each of its four comers by As with the roller belt system, said beads are actuated in the 

support legs (817). Said support legs, bearings, and motors plus and minus X direction by one set of rollers, and are 

are securely fastened to a rigid support surface (818) which 60 actuated in the plus and minus Y direction by contact with 

serves as ground. a flat belt (848). 

When the roller belt alone is actuated, the top of the rollers Rather than stringing components on wire and fastening 

provide plus and minus X motion. When the flat belt alone them together, it is also possible to fabricate a single, 

is actuated, it fictionally contacts the bottom surface of the repeating construction unit which accomplishes the same 

rollers, thus causing them to rotate about their free axis. So, 65 function as the wire and bead assembly of FIG. 30. FIG. 31 

if the belt is moving in the -Y direction (819), the top depicts such a repeating unit. A bead (901) (or roller) is 

surface of the rollers is moving in the +Y direction (820). rotatably mounted on a shaft (902) which has a male (903) 
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and female (904) end as well as a connecting strut (905). active surface topography. By making the material of the flat 

Beads are connected into closed-loop strings by fastening belt flexible and deformable, and by supporting the under- 

the male portion of the assembly into the female. Connec- side of the flat belt with a multiplicity of individually 

tions between strings of beads are made by mounting the controllable idler rollers, each support point may be selec- 

hole of the strut (906) over the male portion of the adjacent 5 tively raised or lowered. By selectively raising or lowering 

string. It is understood that said repeating, componentized the idler support points on the flexible underside of the flat 

structures are also suitable for construction of a roller-type belt, and by jointedly connecting discrete construction units 

unit which duplicates the function of the roller belt described to form the beaded active surface, the active surface may be 

in connection with FIG. 30. deformed with controllable bumps and depressions. Said 

Following assembly of all the bead segments which 1Q bumps and depressions might be advantageously shown as 

comprise a roller belt, the assembly will look much as that matching bumps and depressions in the virtual environment, 

depicted in FIG. 30, except the spacers (845) will be an thus enhancing the reality of the immersive experience, 

integral part of each unit assembly as separate connecting In a comparable fashion, the vector-slip wheels of FIGS, 

struts (905). 32 &33 may be individually raised and lowered to simulate 

FIG. 32 reveals yet another embodiment of an omni- a surface of varying texture. Since the vector-slip wheels are 

directional surface actuation means which uses a wheel discrete units rather than tied in to a belt, they may be raised 

(1001) with idler rollers (1002) positioned around its cir- anc j lowered substantially more than their roller or bead 

cumference. An idler roller unit (1003) is inserted into the counterparts. In this embodiment, because vector-slip 

appropriate receptor notch in the wheel (1001). Each idler wheels are potentially decoupled from their support surface, 

axis (1004) is oriented perpendicular to the powered axis it is no longer possible to drive them using belts as shown 

(1005) of the wheel. Said vector-slip wheel has the unique 20 m figs. 33. Each wheel must be individually actuated using 

property of being able to transmit force only through a line separate drive means. While more complex, this embodi- 

perpendicular to the powered axis (1006), the X axis. Any ment is the only one of the aforementioned systems which 

motion which the wheel sees in the Y axis passes over the permits simulation of complex tasks such as climbing stairs 

idlers (1007). wnilc retaining the advantage of ODT. 

FIG. 33 shows that by combining the above-described FIG. 34 reveals yet another embodiment of an ODT which 

vector-slip wheel of FIG. 32 in an array of X oriented wheels employs a moveable, continuous, active surface (1201) that 

(1101) and Y oriented wheels (1102), a combined direction vound a flattened spheroid (1202). Said active sur- 

vector may be achieved by selective actuation of the X and f ace ^ fetf onto me sur f a ce of the spheroid by its own 

Y arrays. Said wheels are actuated in the Y direction by one 3Q elasticity, and the contact zone between the rigid spheroid 
set of belts (1103), and in the X direction by another set of an d the moving surface (1203) is relatively frictionless. By 
belts (1104) which contact the bottoms of the wheels. These sliding the active surface around the spheroid, the flat 
belts are held and directed by a base (1105) with guide portion at the top of the spheroid (1204) will serve the same 
grooves and mounts for the wheel arrays. Wheel (1001) is a function as the active surface of earlier figures. 

typical X-direction wheel of the constmction ofFlG. 32. It 35 FIG 35 fe a cross of me m implemented 

is held onto the base by snap fitting its axle (1107) into snap sphe roid construction of FIG. 34 the ODT (1301) shows an 

grooves of a pair of mounting posts (1108), where only one active (1302) which stretchab i y surrounds the rigid 

post is shown. Every wheel is held onto the base in the same spheroid (1301)> separated by a relatively frictionless layer 

manner * (1304). The housing (1305) retains the active surface and 

Because the X wheels are a larger diameter than the Y ^ sp heroid by mounting passive casters which substantially 

wheels, the X^contacting belt and the Y-contacting belt do retain the top (1306) and bottom (1307) contours of the 

not come into contact with one another. As with the beaded fundamentally spheroid shape, and by presenting a slight 

invention, actuation of the X wheel array actuates motion in overhang to retain motion of the assembly in the upward 

the plus and minus X direction which passes easily over the direction. 

idlers of the Y vector-slip wheels with no hinderance. Pure 45 Thc activc md&cc ^ c^u^iy actuated by frictional 

Y motion is likewise unhindered by the X array. As long as contact ^ a steerable roller {im) Said roller ^ steerable 
a resting mass contacts a reasonable number of X and Y aboul ^ ^ ^ one (1309) ^ red by a mot0f 
rollers, combining X and Y wheel arrays permits an active (1310) about me roller itself> tbus me ^ttom ^ of 
surface which is able to linearly actuate the resting mass in me active 5y a ^0^ cootact ^ two (1311) 
any direction through combination of the X and Y vectors. 5Q drive 5y molor (1312) provides steerability of me roller so 

Drive belts (1103, 1104) are continuous belts which are that the roller can direct its thrust vector in a full circle. A 

driven by rollers (not shown). The rollers are powered and thrust vector provided by the roller causes the active surface 

controlled by motors in a fashion similar to the roller/motor to slide around the spheroid. As depicted, with the roller 

combinations of FIGS. 21-24 & FIG. 28. providing thrust on the lower surface substantially in the 

Ergotech, Inc. makes an assortment of large rollers which 55 plus X (1313) direction, the upper surface responds in the 

employ shaped idler pulleys on their exterior which fall into minus X (1314) direction. 

the same class as the vector-slip wheel. Their use is as FIG. 36 details a potential embodiment of a smaU area of 

passive moving devices for boxes and other flat-bottomed mc activc surfacc ( 140 i). a pattern of rigid plates is 

articles. arranged to form an array of hexagons (1402) and pentagons 

Martin-Marietta has employed a vector-slip drive on a 60 (1403), much like the surface of a soccer ball. Corners of the 

hinar rover. Their idler rollers are oriented at 45 degrees to plates are held together elastically (1404), so that the surface 

the main wheel drive axis. Thrust is therefore always at 45 may expand and contract appropriately as it traverses the 

degrees to the main wheel drive axis. By proper combination spheroid. The underside of each plate is suitably supported 

of the four thrust vectors available from the four wheels, the by an arrangement of casters (1405) which are pressed into 

rover is able to navigate in any arbitrary planar direction. 65 the rigid material of the plate. Said casters permit contact 

One advantage of the method of discrete construction between the plate and the spheroid to be low in friction, as 

units is that their hinged nature allows better control of the required for proper function. 
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An improvement on the embodiment of the powered able to convey a sense of friction to a user as they run their 

roller (1308) of FIG. 35 would be to split the roller function hand along a surface. FIG. 38 presents an embodiment for an 

into two rollers actuated by a differential gear unit. It may active-surface haptic display (1601). As the user's hand 

still be powered by two motors as revealed above, however (1602) reaches out to contact a virtual object, the active 

it would gain the advantage of minimizing rotational friction 5 surface (1603), which is only slightly larger than the major 

during steering, in much the same way an automobile diameter of the user's palm print, is placed by a robotic 

differential permits the drive wheels of a turning car to rotate mechanism (1604) where the user expects that surface to be. 

at their own speed. ^ the user moves tDeir naod aloQ g me surface in one vector 

T4 . , . " ... - 4 rrip , r . direction (1605), the haptic display mirrors the motion of the 

It is understood that the surface construction of FIG. 36 is . , u-i — • i . i a 

, , . c . r . hand (1606), while the active surface creates an equal and 

exemplary, and represents only one of a class of surface 10 \ " /«*a-y u •* * 

. J u i-cicn *i_ c *• c a i opposite counter vector (1607) by moving its surface 

constructions wh.ch fulfills the funcUon of a flexible low- ^ motioQ * J X ^ ^ 

s n hemid ^ " the &iction of 016 virtual soUd ' s saAat as me band * 

p " . rubbed across the moving surface. Because of the omni- 

Although the basic system configuration mcludes a sup- directional nature of the active surface, the hand may trace 

port cuff for assistance of balance and optionally for tracking 13 an arbitrary path 

user orientation, it also has the potential to completely lift , n ^ basic 6mbodiment ^ activc sadacc B flat ^ 

and support the user A sttengtheoed and My actuated because ^ surfacc bchin(J ^ means fa 

supportstratconnectedtoamUysupportmgcuffandharness mQSt casil fabricated as a flat surf and the 

enables a user to be lifted up from the active surface and toterlinke d natule 0 f me active means tends to prevent 

moved within the confines of the mechamcaUy limited 20 crea tK, n e f surface contour. A flat surface will be effective 

motion envelope. A system of this type would allow a user forsinlulatmgaflatvirtualsolid)butitcailon i yap p roximate 

to transition between active surface locomotion and free- , c . 

hftrf fl* h a curved solid. A moderate amount of curvature may be 

^ l ^ achieved, however, by bowing the support surface upward. 

In a similar fashion, the entire active surface and related ] n tne case G f napt i c display using an active surface, bowing 

mechanism may be mounted upon a motion platform which might 5e accomplished using pressurized air behind a thin 

permits various combinations of linear and angular motions a nd flexible support surface. The amount of bowing may be 

of the surface. A tipped surface is useful for simulating an controlled to correspond to the average curvature at the 

inclined surface in virtual space, like a user might encounter user > s contact point with the virtual solid 

when walking up a virtual hill. A surface which moves up Description of the preferred embodiment as including an 

and down as well as angularly can simulate the deck of a HMD, gloves, body suit, etc. does not exclude other appli- 

ship, or the cabin aisle of an aircraft. cabk svstcm configurations . ^ere arc a number of addi- 

FIG. 37 depicts the combination of the simplified ODT of tional display options which may advantageously employ an 

FIG. 24 (1501) with a standard 6 degree-of-freedom hexa- ODT. For example, a display method may surround the user 

pod motion platform (1502). The base of the ODT (1503) 35 with large display screens. Spherical display surfaces have 

serves as the attachment point for the six linear actuators been employed for a number of years by various companies 

(1504) which comprise the hexapod. Control of said cylin- sucrj ^ IMAX theater, or Evans & Sutherland, Inc. Most 

ders provides full 6 DOF motion, and the control of said recently, Evans & Sutherland, Inc. revealed a spherical 

hexapod structure is well known to those skilled in the art of viewing structure which essentially surrounds the user to 

motion control. Cylinders are attached by ball joints (1505) ^ provide a nearly fully spherical viewing surface. Aprojected 

to the ground, and by ball joints to the base (1503). Said image tracks the user's viewing cone and displays the 

cylinders may typically be actuated by hydraulics, appropriate scene. An advanced display method being devel- 

pneumatics, or by a ball screw mechanism. The power and 0 ped by the Human Interface Technology Lab places light 

control means for the hexapod and ODT are omitted from directly on the retina of the eye using a weal laster beam 

the figure, but are understood to include a power condition- 45 Any of these display systems and their related interfaces can 

ing means, a position sensing means, a control computer, benefit by use of the ODT. 

and a control loop of the type described in FIG. 22. It is also Discussion of a VR system would not be complete with- 

understood that the ODT which attaches to the hexapod out mention of telepresence. While VR systems substantiaUy 

miS *n « ^ eaSily ° f CODStrUCtl0a ° f mGS * 21 » 23, synthesize the user's sensory experience, telepresence sys- 

25, 30, 33, 34, or 35. 5Q tems extrac t their sensory information from a real, remote 

Combining the ODT with an enclosed simulator such as source and convey it to the senses of the user. In the simplest 

the spherical motion environment discussed above in con- example, a pair of video cameras might be mounted on a 3 

nection with FIGS. 1-20 would permit not only 3 to 6 degree-of-freedom platform whose motion is slaved to the 

degrees of freedom motion to be applied to the active surface uscr * s head. An HMD on the user's head receives the stereo 

of the ODT, but would also allow transitioning between 55 images from the paired video cameras thus creating the 

waling, free-body flight, and vehicular simulation. visual illusion that the user's head is sitting on the platform 

An ODT need not be the main interface device for an instead of the two cameras! A system is this type which also 

immersive system. It might, for example, be complimentary includes sound is commercially available from Telepresence 

to a vehicle simulator. A standard simulator for a vehicle Research, Inc. 

such as a jeep, mounted on a hexapod motion platform, 60 With regards to the ODT, it is feasible to couple the 

could be placed adjacent to an ODT. As the user emerges walking motion of the user to the lateral movement of a 

from the vehicle simulator, the ODT would be positioned at remote sensing device. Using natural walking and turning 

virtual ground so that the user experiences a smooth tran- motion to steer and guide a remote device has the advantage 

sition between vehicular transport and ground motion. of freeing both hands to perform other tasks rather than 

The unique, omni-directional qualities of an active sur- 65 being restricted to a steering device like a joystick. A 

face such as those revealed herein may be employed in yet coupling of the telepresent remote with the user would likely 

another way. As a haptic display device, an active surface is include, besides the ODT, a video and sound link. Other 
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system configurations might include one or two hand oper- 5. The motion simulating device of claim 4, wherein said 

ated actuators which the operator uses to perform manipu- connecting joints further comprise: 

lation tasks at the remote site. beam receptacles, each fixedly attaching one end of said 

FIGS. 39a and 39b show a system in which a user at one to ^ connecting joint; and 

site (FIG. 39a) controls the remote at a distal site (FIG. 39b). 5 >• 1 . * * ji • • c j « 

TTiis advanced form of ODTand telepresent couphng would a moun ^ P late for ^ atlachm S one of roUers 

employ not only the above-mentioned systems, but also a r JO said connectin g J omt - . . . 

means of conveying the remote's physical orientation. This 6 ^ 1 motl ° n plating device of claim 4, wherein said 

is accomplished by using the balance cuff (710) to force the actuator legs further comprise a means for changing the 

user (703) into the orientation (1703) of the remote (1704). 10 ten 8* of ^ actuator legs. 

Feedback on the cuff by the user, in turn, also forces the 7 - The motion simulating device of claim 6, wherein said 

remote into the orientation of the user. By combining this means for changing the length of said actuator legs further 

orientational interplay with a bipedal remote and an exosk- comprises a hydraulic cylinder for telescoping a movable 

eletal structure (1705) which links the remote's legs to the rod aloQ g me longitudinal axis of a support housing, 

user's legs, it is possible for the remote to balance itself in 15 8 - ^ motion simulating device of claim 6, wherein said 

both standing and walking modes. Combination of the above meaQS for changing the length of said actuator legs further 

structures to enable locomotion of the remote is made comprises a ball screw for telescoping a movable rod along 

possible because the user is standing on an ODT active mc longitudinal axis of a support housing, 

surface (702) which permits the user to employ their natural 9 ^ motion simulating device of claim 4, wherein said 

balance abilities as they navigate using the electronic eyes of 20 actuator legs are each rotatably connected on one end to one 

the remote of said connecting joints and on the other end to a supporting 

According to the provisions of the patent statutes, we have su ^ aa l\ . ..... 

been explaining the principle, preferred construction and t 10 The ™ oh ™ simulating device of claim 1, wherein at 

mode of operation of our invention and have illustrated and least 0De of said m roller * uprises: 

described what we now consider to represent its best 2 s a drive wncel rotable about a drive axis generally 

embodiments. However, it should be understood that within parallel to a tangent to the surface of said capsule and 

the scope of the intended claims, the invention may be frictionally engaging said capsule; and 

practiced otherwise than as specifically illustrated and a yoke for orienting the drive axis with respect to said 

described. capsule, said yoke being pivotable about an axis gen- 

What is claimed is: 30 erally perpendicular to the drive axis. 

1. A motion simulating device, comprising: 11. The motion simulating device of claim 1, wherein 
a capsule adapted to receive at least a portion of a user there are only three rollers supportively abutting the capsule 

therein; and one of said rollers is passive, 

at least three rollers carried by a frame and supportively 12- motion simulating device of claim 1, further 

abutting the capsule, wherein the capsule is supported 35 comprising active interactive solids connected to the interior 

solely by the rollers and at least two of the rollers are of said capsule for imparting sensations of force directly 

active multi-directional rollers for rotationally driving u P° n a user - 

the capsule with respect to any of three orthogonal axes 13 • Jhs motion simulating device of claim 12, further 

located at the center of the capsule; and comprising a translatable support arm. 

a means for interactively controlling the motion of said 40 I 4 - ^ c motion simulating device of claim 12, further 

capsule and said frame. comprising: 

2. The motion simulating device of claim 1, wherein the a support arm; 

interactive control means comprises: a back plate attached to said support arm; 

a visual display; abdominal support plates hingedly connected to said back 

a means for sensing the position of said capsule; 45 plate; 

a means for coordinating the motion of said capsule and fi rs t limb support plates hingedly connected to said 

a representation of motion on said visual display; and abdominal support plates; 

a means for controlling the motion of said capsule second limb support plates hingedly connected to said 

responding to a representation of motion of the user on 5Q ^ i^b support plates; 

said visual display. a means f or positioning said abdominal support plates, 

3. The motion simulating device of claim 2, further ^ fr si ^ p i ateSj ^ said ^ ^ 
comprising: support plates, about the hinged connections; and 

a means for sensing the position of a user within said a means fof sccuidy nsUdMng ^ t0 said 5ack plate> 

capsule; 55 ^ abdominal support plates, said first limb support 

a means for coordinating the motion of a user and a plates> md said second limb support plates. 

representation of motion on the visual display; and 15 mot i on simulating device of claim 14, wherein 

a means for controlling said interactive solids responding sa jd SU pport arm is translatable. 

to a representation of the motion of a user on visual Th e motion simulating device of claim 1 further 

display. 60 comprising a treadmill mounted within the capsule, the 

4. The motion simulating device of claim 1, wherein the treadmill having a track assembly comprising a user support 
frame comprises: movable in a first direction for supporting a user, said user 

plurality of beams; support including a plurality of support members rotatable 

a plurality of connecting joints, each rigidly attached to about axes generally parallel to the first direction; a first 

two of said beams; and legs, each connected on one end 65 driver connected to the user support means to move the user 

to one of said connecting joints and on the other end to support in the first direction; and a second driver cooperating 

a supporting surface. with said support members to rotate said members, whereby 
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the combined movements of the user support and the support 
members results in movement of the user on the user support 
in a second direction. 

17. The motion simulating device of claim 16 wherein the 
user support comprises a pair of cylindrical members, at 
least one cylindrical member being connected to one of the 
first and second drivers to rotate the one cylindrical member; 
an endless belt trained about said cylindrical members 
moveable by the one cylindrical member in said first 
direction, said endless belt having rods for rotatably sup- 
porting the user support members for rotation about axes 
generally parallel to the first direction. 

18. The motion simulating device of claim 17 wherein the 
second driver comprises a pair of rollers and an endless belt 
trained about said rollers, said second driver being con- 
nected to at least one of the rollers to move the belt; said belt 
having a top surface operably engagable with the user 
support members to rotate said support members. 

19. The motion simulating device of claim 18 wherein 
said endless belt has an upper run defining the top surface, 
further comprising support means located below said upper 
run for folding the upper run in contiguous relationship 
relative to the user support members. 

20. The motion simulating device of claim 16 wherein the 
user support includes rods and the user support members are 
cylindrical sleeves rotatably mounted on the rods. 

21. The motion simulating device of claim 16 wherein the 
user support includes a plurality of longitudinal rods and the 
support members comprise spherical members rotatably 
mounted on the rods for rotation about the longitudinal axes 
of the rods. 

22. The motion simulating device of claim 16 further 
comprising a virtual reality apparatus, the virtual reality 
apparatus comprising 

a first display mountable on a person's head for displaying 

visual images; 
a display control means for projection of an image; 
a speaker for generating sounds; 
a microphone; 

means for sensing the position of the person on the 
support; and 

means connected to the first display, display control 
means and speaker for generating images and sounds. 

23. The motion simulating device of claim 22 further 
comprising interactive solids for providing the person with 
haptic feedback. 

24. A motion simulating device having an active interac- 
tive solid for use in conjunction with a virtual reality display, 
comprising: 

a controllably movable physical medium having a suffi- 
cient substance for imparting the desired motion upon 
a user, the medium comprising an interactive support 
apparatus including a support arm and an interactive 
pneumatic support suit attached to said support arm; 
and 
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a means for interactively regulating the motion of said 
physical medium for regulating the amount and direc- 
tion of force applied upon a user. 

25. The motion simulating device of claim 24 wherein the 
support arm is translatable. 

26. The motion simulating device of claim 24, wherein 
said regulating means further comprises: 

a means for sensing the position of a user, 

a means for coordinating the motion of a user and a 

representation of the motion of the user on a visual 

display; and 

a means for regulating said controllably movable physical 
medium responding to a representation of the motion of 
the user. 

27. The motion simulating device of claim 24 wherein the 
support arm is translatable, the interactive pneumatic sup- 
port suit being attached to an end of the support arm. 

28. Amotion simulating device, comprising: 
a generally spherical capsule; 

a translatable frame for supporting said capsule, the frame 
including a plurality of beams, a plurality of connecting 
joints each rigidly orienting two of the beams, a plu- 
rality of actuator legs each rotatably connected on one 
end to one of the connecting joints and on the other end 
to a supporting surface; 

a plurality of rollers mounted to the connecting joints 
supportively abutting the capsule, and at least one of 
said rollers comprising an active roller, wherein the 
active roller comprises a drive wheel rotatable about a 
drive axis generally parallel to a tangent to the surface 
of said capsule and frictionally engaging said capsule, 
and a yoke for orienting the drive axis with respect to 
said capsule, the yoke being pivotable about an axis 
generally perpendicular to the drive axis; 

an interactive user support apparatus including a translat- 
able support arm connected to an interactive pneumatic 
support suit; and 

a means for interactively controlling the motion of said 
capsule and said frame, the interactive control means 
including a visual display, a means for sensing the 
position of said capsule, a means for coordinating the 
motion of said capsule and a representation of motion 
on said visual display, a means for sensing the position 
of a user within said capsule, a means for coordinating 
the motion of a user and a representation of motion on 
the visual display, a means for controlling the motion of 
said capsule and at least one interactive solid respond- 
ing to a representation of motion of the user on said 
visual display. 
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This invention relates to flight simulators and to appa- 
ratus designed for the instruction of pupils in the control 
of aircraft and other vehicles. 

It has previously been proposed in flight simulators em- 
ployed for this purpose to provide a substantially station- 
ary reproduction of the cockpit controls instruments and 
other environment of the aircraft it is desired to simulate 
and also to provide for limited changes in attitude of the 
aircraft in relation to its fore and aft and lateral axes to- 
gether with some limited movement of the simulator as 
a whole. Such simulators, however, do not sufficiently 
impose upon the body of the pupil a sense of the very 
great changes of momentum occasioned in an aircraft by 
changes of course, attitude and velocity when actually in 
flight and thus the training of the pupil is deficient in this 
important respect. 

In actual flight, change in velocity (i.e. acceleration) 
and in direction of flight of an aircraft are transmitted to 
the pilot's body, for the most part, through the chair, 
which is usually fixed to the aircraft, and through the 
pilot's harness which is attached to the chair; thus owing 
to the momentum or inertia of the pilot's body at any in- 
stant of time such changes in the flight of the aircraft will 
result in some small relative movement between the pilot's 
body and the chair and/or harness which movement is 
restrained by these latter parts and the pilot will experi- 
ence pressure from them on different parts of his body 
until his body attains the same velocity and direction of 
flight as the aircraft. However, as different pans of the 
human body have different masses and thus different in- 
ertia, the pilot will experience not only restraining forces 
and pressures on different parts of his body from the 
chair and harness, but also sensations from the different 
inertia effects on the various parts of his body and those 
effects are mainly felt in the region of the stomach. The 
object of the invention is to simulate or reproduce these 
various effects on a pilot in known training apparatus. 

According to this invention a flight simulator comprises 
a chair mounted upon a support, equipment to be worn 
by the pilot, power means for imparting relative move- 
ment between parts of the said equipment and the chair 
so as to apply pressures and movements to different parts 
of the pilot's body such as would be produced by changes 
in flight conditions due to the inertia of the pilot's body. 

The power means may be mounted on a fixed part of the 
apparatus and may be provided with a number of differen- 
tially movable actuating members connected to different 
parts of the equipment. 

The said power means and differentially movable actuat- 
ing members may have associated therewith control means 
adapted to be actuated by the pilot in operating his flight 
and engine controls and/or in adjusting his instruments, 
or by the instructor or by time controlled means, for ex- 
ample a servo-motor, potentiometer and computer means 
may be embodied in said controls. 

In such an arrangement certain of said actuating mem- 
bers are adapted to impart fore and aft movement to the 
back of the chair and to apply and release pressure on 
the pilot's abdomen and to apply up and down movement 



to the seat of the chair relatively to other parts thereof, 
downward movement to the shoulders and sideways move- 
ment of the pilot's body. 
In this last arrangement the equipment may comprise 

5 two shoulder straps connected at one end to two of said 
actuating members so as to impart downward movement 
thereto and at the other end to the centre of a belt which 
is connected to another of said actuating members to im- 
part also downward movement thereto and the ends of 

10 which belt are connected respectively to another two actu- 
ating members so as to impart rearward movement there- 
to. 

The equipment may also comprise a harness worn by 
the pilot and having a yoke extending around the nape 

15 of his neck and over those parts of his shoulders adjacent 
the neck and means for imparting sideways movement 
is connected to said parts of the harness. 

In an alternative arrangement said power means may 
comprise a source of fluid pressure and said actuating 

20 members comprise inflatable pads associated with said 
equipment and the back and seat of the chair. 

In such an arrangement the equipment may comprise 
a similar yoke to that described above which embraces 
the neck and shoulders of the occupant and is connected 

25 by straps to the chair and to a belt which is connected 
to the chair and encircles the waist of the occupant which 
yoke and centre of the belt are provided with inflatable 
pads and wherein a distributor valve is arranged differen- 
tially to place said pads into and out of communication 
with said source of pressure with or without means for 
placing them into communication with a source of 
vacuum. 

The belt may be provided with inflatable pads at loca- 
tions opposite the sides of the occupant. 

The aforesaid inflatable pads may be selectively con- 
nected to said fluid pressure through selector valve mecha- 
nism and said equipment may comprise an auxiliary 
harness or suit having said pads secured thereto opposite 

40 the seat and back of the chair and over the shoulders and 
opposite the stomach with or without pads over the pilot's 
sides and a conventional harness is worn over the suit 
and has straps which are connected to the chair and pass 
over the shoulders and are connected to the front of a 
belt also secured to the chair. 

In yet a further form of the equipment comprises a 
conventional harness and supplementary harness the 
former of which comprises shoulder straps connected at 
one end to the chair and passing over the shoulders and 

50 connected at the other end to the centre of a flexible belt 
which is also connected to the chair and the supplementary 
harness comprises a comparatively rigid belt connected to 
power means adapted to move it in an up and down, 
fore and aft, or in sideways directions or in any combina- 

5g tion of these movements according to the inertia effects 
on the pilot's body which require to be simulated. 

For example, in the above arrangement should the pilot 
manipulate the controls in a manner which would result 
in practice in an increased forward velocity, the body of 

60 the pilot is pressed back by the power means against his 
chair to impose the correct pressure on his back and con- 
versely should he operate the controls to effect a decreased 
forward velocity the body of the pilot is pressed forward 
by the power means against his harness to impose the cor- 

g g rect pressure of the harness on the front of his body. 

Again should the pilot manipulate the controls to give 
an increased vertical velocity the body of the pilot is 
pressed downwards by the power means into his chair to 
impose the correct increase in his apparent weight and 

» 0 vice versa. Other changes of pressure upon the pilot's 
body against his chair and/or harness while seated at 
the controls of the simulator may be applied according to 
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any desired combination of adjustments of the controls 
and instruments which would , impose changes of momen- 
tum upon the body of the pilot should such adjustments 
of the controls have been made in actual flight. 

As indicated above it is known that the human body 5 
is most sensitive to changes of momentum in the ab- 
dominal region and for that reason movement is imparted 
by said power means to the aforesaid auxiliary belt sur- 
rounding the pilot. The extent of the movement required 
is small being limited to the narrow tolerance for move- 10 
ment provided by the pilot's chair and flying harness and 
thus according to one feature of this invention a movable 
part of the power means comprises a movable arm pass- 
ing through an aperture in the back of the pilot's chair 
and attached to a rigid or semi-rigid portion or portions of 15 
the said abdominal belt. The said belt may be composed 
partly or wholly of flexible, elastic or rigid material and in 
order to conform with the contours of the pilot's back and 
abdomen may be provided with an inflatable pneumatic 
inner membrane. The said belt may be extended to sup- 20 
port other areas of the body so that the pressure applied 
by the said controlling means is distributed as required. 

Various supplementary parts of the equipment may be 
connected to the belt as described and claimed later. 

In yet a further form of the invention the equipment is 25 
connected to the chair or to the support and said chair is 
movable in relation to the support in an up and down, 
fore and aft and sideways direction and power means and 
associated transmission are provided for imparting any of 
said movements or combinations thereof. 30 

The following is a description of a number of alterna- 
tive forms of equipment according to the invention ref- 
erence being made to the accompanying drawings in 
which: 

FIGURE 1 is a diagrammatic perspective view of a 35 
simulator operated by cables; 

FIGURE 2 shows a modification of a harness which 
may be used with the equipment shown in FIGURE 1; 

FIGURE 3 shows the harness of FIGURE 2 in use and 
with an additional head rest and with alternative means 40 
for applying pressure to the back, seat and sides of the 
chair and cable means for applying sideways movement 
to the neck yoke and shoulder straps; 

FIGURE 4 is a diagrammatic perspective view of an 
alternative simulator operated pneumatically; 45 

FIGURE 5 is a diagrammatic side view of an alterna- 
tive form of pneumatic simulator embodying an auxiliary 
harness; 

FIGURE 6 is a diagrammatic side view of a mechani- 
cally operated simulator; 50 

FIGURE 7 is a perspective side view of the belt with- 
out its lining and forming a part of the harness of FIG- 
URE 6; 

FIGURE 8 is a diagrammatic perspective exploded view 
showing more in detail the harness and associated parts 55 
of FIGURE 6; 

FIGURE 9 is a perspective view of a mechanically ten- 
sioned harness and attachments; and 

FIGURE 10 is a diagrammatic side view of an alterna- 
tive form of simulator operated by movement of the pilot's 60 
chair. 

Like reference numerals refer to like parts in the various 
figures of the drawing. 

The arrangements shown in FIGURES 1, 2 and 3 
achieve certain of the objects of the invention in a simple Q5 
and economic way without substantially changing the 
normal type of pilot's chair and Sutton type flying harness 
to which the pilot is accustomed in flight and thus simula- 
tion is psychologically assisted in this respect, although 
not achieving the almost entire bodily movement pro- 70 
vided by the means described in FIGURES 6, 1 and 8. 

Referring to FIGURES 1, 2 and 3 the two shoulder 
straps 10 and 11 and the two belt straps 12, 13 of the 
normal Sutton or other flying harness are detached at 
one end from the chair 14 and are connected to cables 75 



15, 16, 17, 18 respectively which are actuated by power 
means having differentially movable actuating members 
indicated generally at 9. A fifth cable 19 passes between 
the pilot's knees and is attached, to the central plate fasten- 
ing 20 which connects the straps 10, 11, 12 and 13 to- 
gether. This latter cable 19 when tensioned in conjunc- 
tion with the cables 15 and 16 tends to equalise the down- 
ward pressure on the two shoulder straps 10 and 11. 

The cable 19 is provided with a snap hook 21 for 
ready detachment of the plate fastening 20 and is help- 
ful in preventing the webbing straps from sliding back- 
wards over the pilot's shoulders. The chair seat 22 and 
back 23 are provided with movable plates 24, 25 which 
may be substantially rectangular. The backplate 25 is 
hinged at its lower end 8 to swing forwardly about a hori- 
zontal axis against the action of a spring 7 and is con- 
trolled by a further cable 6 and lever mechanism 5. 

The seat is fixed to a push rod 26, actuated by cables 4. 

The plates 24, 25 are padded and arranged so as to 
permit a total movement of the pilot's body of say 3 to 
6 inches from normal. 

The positive movement under power by the plates and 
harness shown particularly assist in providing for the re- 
quired movement of the pilot's body and may be fur- 
ther used for simulating the type of sudden shock oc- 
casioned by air pocket buffeting of an aircraft at high 
speed or for simulating so-called bumps of any kind. 

In order to provide a sideways movement in addition 
to the vertical up and down movement of the pilot's body 
the movable plate 24 of the chair seat 22 of FIGURE 

I may be arranged to be separated into three parts 24a, 
24*, 24c as shown in FIGURE 3. The centre part 24* 
is substantially flat and horizontal and is fixed to a verti- 
cal push rod 26 and the parts 24a and 24c are inclined 
upwardly and sideways in relation to the side edges of 
the part 24* and Axed to push rods 26a and 26c at right 
angles to them so that when either of them is pushed 
upwardly it pushes sideways the pilot's body tending to 
tilt him about a fore and aft axis. Similarly the back 
may be formed in three separate parts 25a, 25b, 25c. 
The centre part 25* is hinged to a push rod so that it 
may swing about a horizontal axis high up on the back 
of the pilot and so as to have about a third of the plate 
above said axis and about two thirds below the axis, 
whereas the other parts 25a and 25c are inclined to the 
part 25* and are fixed to push rods 27a and 27c which 
diverge outwardly from the push rod 27* as they extend 
rearwardly whereby actuation of either of the rods 25a, 
25c imparts sideways movement to the pilot's body tend- 
ing to move him in part about a fore and aft axis, and in 
part about an upright axis. 

To further assist in simulating these movements the 
cables 17 and 18 may be arranged to be separately and 
differentially tensioned and relaxed so that the harness 
tends to be drawn across the pilot's body in either direc- 
tion thus causing his body to roll to either side of his 
seat. 

The downward pressure of the Sutton shoulder straps 

II when tensioned may be considerable and thus tend 
to slip outwardly on to the other part of the pilot's shoul- 
ders whereafter further tension tends merely to deflect 
the movable parts of the pilot's collar bones. To prevent 
this effect the straps 10 and 11 are arranged to pass over 
a neck yoke 29 shaped from light alloy sheet of the type 
shown in FIGURE 3, but omitted from FIGURE 1. 

The said straps 10 and 11 may slide through guide 
means 30 FIGURE 2 which permit movement in a fore 
and aft direction but prevent lateral movement with re- 
spect of the edges of the yoke in the region of the neck 
and the said guide means may be formed from springy 
material so as to render the yoke readily detachable. In 
this way the downward tensioning of the straps 10 and 11 
will operate through the said yoke 29 to apply pressure 
over an area around the shoulders in the region of the, 
spine. 
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Alternative or additional means for securing a lateral 
or sideways movement of the pilot's body comprise two 
cables 31, 32 attached by snap books to a lug 33 at the 
back of the yoke shown in FIGURES 2 and 3 and may 
be alternately tensioned or relaxed laterally to provide 
the said sideways or laterally roiling movement of the 
pilot's body. The pilot's helmet 34 (FIGURE 3) may 
be linked to the yoke by tension springs 35 referred to 
later. 

In order to provide a suitable area of pressure in the 
neighborhood of the abdomen when the straps 12, 13 are 
tensioned the fixed side of the fastening means 20 for 
the normal Sutton flying harness may have attached to 
it a suitably shaped rigid or semi-rigid back plate 36 
FIGURES 1, 2 and 3 extending over the abdomen and 
lower chest which back plate may be resiliency or in- 
flatably lined. 

It will be appreciated that in operating the mechanism 
shown in FIGURES 1, 2 and 3 to simulate the move- 
ments and pressures applied to a pilot due to changes 
of momentum in flight, the appropriate movable parts of 
the chair and harness as described above may be em- 
ployed to apply to the pilot the required movement and 
pressure in the direction appropriate for the movement 
of the pilot's controls. The movable parts of the said 
chair and harness may be arranged to yield somewhat as 
they would under the same circumstances in flight to take 
up the slack or spring in the normal fixed Sutton harness 
and Martin Baker chair and the resilience of the pilot's 
clothing. 

To impose a forward movement of the pilot's head the 
said back plate 25 may have attached to it a vertical 
extension 37 (FIGURE 3) which is secured to the nor- 
mal head rest 38, say of the Martin Baker chair, so that 
the said head-rest will move with the said back plate 
and thus ensure that the said head-rest will control the 
forward movement of the pilot's head. 

Other movements of the pilot's head may be secured 
by cable means or the springs 35 attached to his flying 
helmet and neck yoke 29 and/or to his oxygen mask 
(not shown). 

A backwards movement of the pilot's head may be 
effected by tensioning cables 39, 40 detachably fixed to 
the back or sides of his helmet and passing on either 
side of the said head-rest 

A known type of centrifugal clutch and spring return 
41, 42 already employed in aircraft for controlling the 
pilot's shoulder straps may be incorporated in the said 
cable or cables 39, 40 to enable the pilot to make the 
normal forward movements of his head without undue 
restraint but to resist and control, such movement above 
a predetermined velocity, for example, that resulting from 
a force of the order of ig or more. 

The various cables and push rods both in the arrange- 
ment of FIGURES 1 and 3 may pass into a control box 
9 containing various motors for imparting movement to 
them which motors may be differentially controlled by 
potentiometer and/or computer mechanism indicated at 
124 and 120 in FIGURE 3 which is conditioned by move- 
ment of the pilot's controls such as the* joy stick 121, 
engine throttle controls 122 and manipulating member 
123 on the instrument panel 124 incorporating potenti- 
ometer controls and controls for an automatic pilot. 

FIGURE 4 illustrates simple pneumatic (or hydraulic) 
means for applying similar movements and pressures to 
the pilot to those provided by the arrangement illustrated 
and described for FIGURES 1, 2 and 3. 

The normal Sutton type flying harness is provided with 
a comparatively wide inflatable abdominal pad 43,. which 
pad is disposed in the region of the normal central fast- 
ening 20 for the four Sutton harness straps 10, 11, 12, 
13 and attached to the fixed fastening side only. The 
back 23 and seat 22 are provided with inflatable .cushions 
44, 45 respectively. When the abdominal pad 43 is ex- 
panded it presses the pilot backwards against the then 
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collapsed cushion 45 on the back 23 of his chair. The 
straps 12, 13 are also provided with inflatable pads 46, 
47 and likewise to the shoulder straps 10 and 11 if they 
are employed in a similar manner to that shown in FIG- 
URE 1 alternatively to a neck yoke 29 as shown in FIG- 
URE 2 and FIGURE 4 which parts may be provided 
with inflatable pads. This arrangement enables the body 
of the pilot to be moved in relation to his controls to the 
position it would occupy in flight Provided, therefore, 
that the flying harness is loose when not inflated and the 
expansion, when operated, considerable and fairly rapid 
the simulation is reasonably economic and effective. 
For example, downward pressure in a tight turn would 
be achieved by suitably collapsing the inflatable seat 
cushiou 44 below the central position and inflating the 
yoke lining 48 or the pads in the shoulder straps 10 and 
11 FIGURE 1. 

To simulate an upward pressure as in inverted flying 
the pressure in the pads of the shoulder straps or in the 
lining 43 of the yoke 29 would be reduced and the seat 
cushion 44 would be rapidly inflated, throwing the pilot 
upwards against his shoulder straps, this movement may 
be several inches and the pressure if sustained between 
the inflated seat cushion 44 and deflated straps or yoke 
25 would result in the pilot being held high out of his seat 
in the position he would occupy in inverted flight or in 
response to a violent downward "bump." 

Side thrust on the pilot may, if required, be produced 
by inflating the pads 46, 47 on the side straps 12, 13. 
30 The same applies to the fore and aft movements occa- 
sioned by acceleration and deceleration where the pads 43 
and 45 are alternately inflated and deflated. 

In all the forms of this invention where movement 
is applied to the pilot by the inflation or deflation of the 
85 pads on the harness and chair any fluid may be em- 
ployed, for example water. For example, where air is 
employed the air pressure supply would be arranged to 
be very rapid through large bore pipes 49, 50, 51, 52, 
connecting a high pressure cylinder 53 to the pads 48, 
40 45, 44, 43 preferably through an intermediate pressure 
regulating device 54 having a control 55 and through a 
quickly opening and closing, multi-way selector valve 
mechanism 56 having a control 57 which determines the 
degree of pressure required to simulate a particular flight 
45 condition and also determines which of the pads are to 
be inflated or deflated. Deflation of the pads if insuffi- 
ciently rapid may be assisted by vacuum means connected 
to a multi-way release valve mechanism 58. 
As indicated above the straps 12 and 13 may be fitted 
50 with inflatable pads 46, 47 which may be differentially 
controlled by .other pipe lines (not shown) leading to 
the valves 56, 58 should side pressure effects be required. 
The controls 55, 57 may be actuated under the influence 
of the pilot's controls and instruments or as analysed by 
55 a computer, or by preset time control mechanism or 
directly by the pilot or instructor. The pilot's movement 
may be arranged to be say 3 inches to 6 inches from his 
normal central position in relation to his controls. 
The tensioned straps of FIGURE 3 may be combined 
60 with the inflatable chair seat 44 and chair back 45 of 
FIGURE 4. 

In the arrangement shown in FIGURE 5 the normal 
chair and flying harness are employed but the pilot is 
equipped with a specially constructed auxiliary harness 

65 or suit externally not dissimilar to the normal pressure 
suit or pressure jerkin employed for high altitude flying, 
in fact, for simulator training this special suit may be 
worn as a substitute for the normal pressure suit or pres- 

^ sure jerkin. 

The specially constructed suit is, however, provided at 
different locations with inflatable portions indicated at 
59, 60, 61, 62, and 64. The pads 59 are located in the 
region of the neck and the parts of the shoulders nearer 

75 the neck. 
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The pad 60 extends over the abdomen and lower parts 
of the chest. 

The pads 61 extend over the pilot's sides beneath the 
arms. 

The pad 62 extends across the back. 

The pad 64 extends over the area of the seat 

Thus by differentially controlling the pressure in these 
portions through pipe lines 5 by valve mechanisms 56, 
58 associated with sources of pressure and vacuum in 
a similar manner to that described with reference to 
FIGURE 4 the pilot is moved from his normal central 
position in relation to his controls within the limits of 
his chair and normal ying harness, and held against 
the said chair and harness at the required pressure for 
the required period. 

There may be formed over the .expandible portions 
of the said suit loose concertina sided pockets of rub- 
berised fabric, or pockets formed from other expandible 
or elastic material so as to control the extent and di- 
rection of inflation. 

The reaction to resist lateral side-thrust from the in- 
flatable pads 61 may be obtained against the side arms 
of the normal Martin Baker chair but when this type 
of pilot's chair is not employed the arms of the chair 
or equivalent members installed for this purpose may 
fulfill this function. 

In order to assist the deflation of the inflated pockets, 
vacuum means may be incorporated in or operated with 
the pressure selector-valve and associated pressure con- 
trols as shown and described in FIGURE 4. 

The arrangement shown in FIGURE 5 may be em- 
ployed in combination with any of the alternative meth- 
ods comprised in this invention and is particularly ap- 
plicable to operational combat aircraft simulators. 
Where a pressure suit or jerkin is normally worn by the 
pilot its substitution by an externally similar garment 
of the type described in FIGURE 5 will not detract 
from the simulation and procedure of normal flying 
training. 

In FIGURE 6 is shown a form of this invention em- 
ploying an auxiliary harness which most closely simulates 
the independent movement of the pilot's body as a whole 
within the restraining limits of his normal chair and 
flying harness as is occasioned by the changes of mo- 
mentum occurring in flight and particularly the feeling 
of weightlessness such as is experienced in manned space 
flight but which, however, involves the use of an auxiliary 
harness as illustrated in addition to the normal flying 
harness when employed in aircraft (not shown) which 
is preferably worn within the auxiliary harness. 

The. pilot's body is mechanically or preferably pneu- 
matically gripped around the abdomen within a substan- 
tially rigid belt 65 capable of universal movement, and 
other parts of his body and equipment may be similar- 
ly gripped and moved by means of extensions connected 
to the said rigid belt as shown in FIGURES 7, 8 and 9. 
The belt is provided with a pneumatic lining 66 FIGURE 
7 and simulation of violent changes of momentum may 
be physically assisted by the sudden inflation from a 
source of pressure 67 controlled by a valve 68 and move- 
ment of the belt by mechanism indicated generally at 
69 (FIGURE 6) and attachments. Small changes of 
momentum are simulated by a corresponding gentle in- 
flation and movement. 

Where no changes of momentum are indicated the 
deflation of the belt and extensions, which may be 
accelerated by a source of vacuum means 70 and control 
valve 71, enables the pilot to move freely without being 
unnecessarily conscious of restraint as the effective cir- 
cumference of the belt is readily increased on deflation 
by more than twelve inches. 

In this form of the invention, moreover, instead of 
being to some extent conscious of local pressures when 
his body is moved in relation to his chair and flying 
harness the movement of the belt 65 for example in 



a fore and aft direction when inflated tends initially to 
exert an equal air pressure around his abdomen and 
back without undue indication of the direction of the 
source of pressure and resulting movement until he is 
5 restrained by the fixed parts of his chair and harness. 

The pilot can control the degree of pressure by means 
of an adjustable exhausting valve 126 which automatical- 
ly exhausts when a preset pressure is reached. 

The inflatable belt may communicate with an in- 
10 flatable yoke shown in FIGURE 8 through a suitable con- 
duit 127. 

In the arrangement shown in FIGURE 6 a rigid op- 
crating arm 70 is moved in any required direction pref- 
erably parallel to its axis by mechanical means indicated 
15 generally at 69 which may be known hydraulic or servo 
motor or other means, which rigid operating arm is 
detachably and rigidly connected at 71 to the belt FIG- 
URE 7. The belt comprises a number of rigid parts 

72, 73, 74 formed from steel, aluminium alloy, or plas- 
20 tics of sufficient strength to prevent deflection under 

load from the arm 70, which parts are hinged together 
at 75, 76. The free ends of the parts 73, 74 may be 
secured together by straps 96 and buckles 97 whereby the 
belt may be adjusted circumferentially. The rigid or 

25 hooped portion may be only of the order of two to six 
inches wide or sufficient to avoid undue deflection of the 
belt when the arm 70 is moved. 

As shown in FIGURE 6 a chair 14 is rigidly mounted 
in relation to the mechanical means 69 within the simu- 

30 lator cockpit (not shown) and is provided with an aper- 
ture 78 in the back 23 for entry of the said rigid op- 
erating arm 70 to enable the said belt 65 and with it 
the pilot to be moved in any required direction and at 
the required velocity and pressure within the limits of 

35 the said chair 14 and of the normal "Sutton" type or 
other fixed flying . harness indicated at 10 and 12 and 
connected to the chair in a conventional manner such 
as is shown in FIGURE 5 the said belt being worn 
preferably over the harness. 

40 A neck yoke 29 similar to that of FIGURE 2 may be 
rigidly connected to the belt by the straps 79, 80, 81 
82 and buckle attachments 94 on the belt. A boat- 
swain's chair 83 may be connected to the underside of 
the belt by straps 84, 85 and buckle attachments 94a. 

45 The belt may be interconnected with the pilot's equip- 
ment such as his flying helmet and oxygen mask so that 
when the belt is moved for. example to stimulate a dive 
or a. rapid climb the mask moves on the pilot's head. 
The small relative movement of the belt on the pilot's 

50 body facilitated when it is lined with resilient or inflat- 
able pneumatic padding. 

. The mechanical means for imparting bodily movement 
to the belt as shown in FIGURE 6 comprises an arrange- 
ment of lead screws 88, 89, 90 providing for fore and aft, 

55 up and down and sideways movements respectively, which 
lead screws are fixed against rotation and are engaged by 
nuts 91, 92, 93 which are rotated by separate motors 
which may be automatically controlled by movement of 
the pilot's controls or as analysed by a computer or by 

60 pre-set time controlled mechanism or directly by the pilot 
or the instructor. 

A suitable form of rigid expandible belt for the above 
arrangement comprises sheet steel of Vs inch thickness, 
having a back plate 72 five inches wide by four and a 

65 half inches high hinged at 75, 76 to two curved side plates 

73, 74, four and a half inches high, at the hinged end 
diminishing uniformly to three inches, at the front open- 
ing. 

The curved side plates 73, 74 have each an arc eighteen 
70 inches long and the front edges are adjustably joined by 
an upper and lower one inch wide webbing straps 96 
and buckles 97 attached respectively to the said side plates 
which may be so arranged as to encompass or tolerate the 
central fastening of the type of Sutton harness recently 
75. adapted to secure both the pilot's parachute harness and 
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his fixed harness. This harness may thus be worn inside 
the said rigid belt which is placed around the pilot after 
completion of his normal routine harness procedure and 
thus does not interrupt his training in this respect 

In order to obviate undue local pressure of the said 
comparatively wide belt upon the pilot's body the said 
belt may be resiliency padded or inflatably lined as in- 
dicated at 99 FIGURE. 8. 

The said padding or inflatable lining may extend above 
and below the upper and lower edges of the rigid belt and 
also beyond the open curved frontal edges to form a 
backing to his said frontal fastenings and to provide a 
resilient overlap for adjustment of the circumference of 
the belt. 

The said padding or inflatable lining as so extended 
may be supported by a backing of plastics or other flexible 
material capable of conforming to the varying curvature 
of the hinged rigid belt and of supporting the pressure 
between the pilot's body and the said backing. 

When inflatably lined the inflation pressure commonly 
necessary to grip the body of the pilot is of the order of 
lb. per sq. inch and seldom exceeds 3 lbs. per sq. inch 
and thus the said backing need only be of moderate 
strength and section and thus may provide a convenient 
anchorage for the attachment of die said padding and of 
the said inflatable lining. 

The said rigid belt 65, neck yoke 29, and boatswain's 
chair 83 and other attachments of the said belt may be 
yieldingly lined with foam rubber or the like and may be 
adjusted by the pilot sufficiently to grip and embrace his 
body by the adjustable straps and fastenings shown in 
FIGURES 7 and 8. Alternatively these parts may be 
provided with inflatable pads. 

The said belt may be mechanically tensioned or ex- 
tended to grip and release the pilot's body to the required 
degree, for example, by two sheathed cables as shown 
in FIGURE 9 in which the end of one cable 125 is se^ 
cured to the front end of the part 73 of the belt and ex- 
tends across the gap between the parts 73, 74 when it en- 
ters its sheath 126a hich extends around the parts 74 and 
and 72. The other cable 127a is secured to the front end 
of the part 74 of the belt and extends across between the 
belt parts 74, 73 when it enters its sheath 128 which ex- 
tends around the belt parts 73, 72. Hie cables 125 and 
127a leave their sheaves at the back of the belt part 72 
and are joined to a single cable 129 which passes into a 
sheath 130 and thence to the mechanism 69 which im- 
parts movement to the arm 70 and is operated by a sepa- 
rate motor. . 

The unhinged frontal edges of the curved side plates 
73 and 74 when drawn together or released .may be ar- 
ranged to slide over a frontal overlap of the flexible back- 
ing for the belt as described and may thus be free to move 
out of contact with the pilot's clothing or harness^ 

The said hinges 75, 76 of the said belt may be provided 
with opening springs 100 so that the circumference of the 
belt tends to increase. 

Thus in simulated steady flight where no change of 
momentum is occasioned the said belt may be mechani- 
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case before entering the said rigid belt 65 and associated 
collar 29 the pilot may have attached to him a wholly 
or partly inflatable harness which may take the form 
of a waistcoat or suit of rubberised fabric which may 
5 be inflated after he has entered the said rigid belt and 
associated parts so that his body may be gripped within 
it at the required pressure. A conventional harness 
such as is shown in FIGURE 5 is preferably worn under 
said inflatable garment in order that when the pilot is 
10 moved by the said belt the normal harness may press 
directly against the pilot's body in the usual way. The 
said conventional harness may be worn outside said in- 
flatable garment in order to follow the normal practice 
although the pressure of the conventional harness on the 
16 pilot's body is somewhat reduced. Alternatively the 
pilot's pressure suit or pressure jerkin, if normally worn 
for simulator training, may readily be converted and 
employed for this purpose by connecting it, or separate 
compartments formed in it, by piping through selector 
20 valve mechanism to a source of pressure and vacuum 
as previously described. 

In order to facilitate the attachment of the said in- 
flatable linings to said rigid belt and . associated harness 
and to provide for their extension over a wider area 
25 than that provided by the rigid belt as shown in FIGURE 
8 the said rigid belt 65, collar 29 and boatswain's chair 83 
• may be first lined with an inner backing of plastics sheet, 
leather or the like which inner backing may extend be- 
yond the edges of the said parts to provide a greater 
30 area for the application of pneumatic pressure and to 
form a convenient attachment to the said inflatable inner, 
membrane or lining and to permit some small movement 
of the attached edges of the said inflatable membrane 
when inflated or evacuated. 
35 The said inner membrane is preferably composed or 
rubberised fabric but may be of plastics, or of any elastic 
inflatable material for example rubber and may be pro- 
vided with a pneumatic pressure control or safety valve 
126 situated for example on the upper front edge of the 
40 said inflatable lining 99 as shown in FIGURE 8 or to 
any convenient part of it if worn as a garment. The 
belt may be connected through a conduit 101 and valves 
68 or 71 to a source 67 of supply of high pressure air 
for example a compressed air cylinder or with a source 
of vacuum 77. The said source of high pressure air 
may also communicate with the inflatable membranes of 
the said yoke 29, or of the boatswain's chair which may 
for example communicate by flexible tubing with the 
inner membrane of the said rigid belt. 

The pneumatic pressure applied to the pilot's body 
through the aforementioned harness in the maimer de- 
scribed may be adjusted by the pilot by means of the 
pressure controlling safety valve 126 to suit his own 
comfort and sufficiently to provide an even pressure to 
55 insulate him from the rigid parts and semi-rigid parts 
of the said harness when inflated. Where required for 
the comfort of the pilot it may be arranged for the 
pneumatic pressure to be 



45 



50 



released during periods of 

r ri simulated steady flight involving no substantial changes 

cally extended or enlarged so that the grip on the pilot is 60 ot momentum the said pressure being automatically and 
relaxed and he is free to move in relation to his chair. rapidly restored to the required level should changes of 
Where, however, a change of momentum is arranged to momentum occur which would result in substantial move- 
occur in response to movement of the engine or flight con- ment of the said rigid belt and attached harness. This 
trols by the pilot or by pre-set time mechanism or by the may be achieved by connecting the said high pressure 
instructor the said belt is mechanically tensioned to grip 65 air supply through a known type of pressure reducing 
the pilot's body so that he may be firmly moved in re- valve set to the required pressure limit the said high 

pressure air being injected or released by means respon- 
sive to changes in velocity as described in FIGURE 4. 
This will enable the pilot to have free movement within 
70 the said belt and harness to operate his controls in the 
normal way unless otherwise required to be controlled 
by changes of momentum. 
The automatic change in pressure may be obtained 
. by movement of certain of the pilot's controls for example 



sponse to the movements of the said operating arm 70 and 
rigid belt in response to indicated changes of momentum. 

Similar means may be employed to tension or release 
the said yoke 29, boatswain's chair straps 84, 85. 

It will be appreciated that the inflatable linings instead 
of being attached to the rigid belt, collar and boatswain's 
chair as in FIGURE 8 may take the form of a separate 
inflatable harness or garment attached to the pilot some- 



what similarly to that shown in FIGURE 5. In this 75 his throttle and elevator controls by adjustment of his 
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instruments or again by a prc-set time control mecha- 
nism or by the instructor. 

In the arrangement shown in FIGURES 6 to 8 where 
in order to simulate a change of momentum in which 
the pilot must be forcibly lifted upwards from his seat 
and subjected to great upward pressure against the 
shoulder straps of his normal flying harness and the 
simulation for this purpose provided by the said boat- 
swain's chair or thigh straps and the circumferential grip 
of the said rigid belt may not provide sufficient bodily 
upward lift of the pilot, the upper edge of the said rigid 
belt may as shown in FIGURE 9 be provided with two 
rigid vertical crutch-like attachments 102 to extend up- 
wards below each armpit the rigid curved upper portion 
of the said crutch being provided with upper resilient or 
inflatable padding 103 to conform to the contours of 
the pilot's lower arm and armpit. 

Each crutch 102 may be adjustable in an up and down 
direction for which purpose the shank portion 104 may 
be slotted at 104c and passed over a stud on the belt 
which is provided with a clamping nut 105. 

The support for the pilot's thighs in the neighbourhood 
of the spine may be provided as already described by 
a transverse plate 83 similar to the seat of a boatswain's 
chair being arranged to pass under the pilot and be 
adjustably attached at both ends to the lower edges of 
the belt. 

It has been found by experiment that a sensation of 
almost complete levitation or weightlessness may be im- 
parted to a seated individual if he is lifted by an even pres- 
sure applied upwards below the armpits and beneath the 
thighs in the region of the lower spine and this effect 
is obtained by applying upward movement of the rigid 
belt associated with movement of the said boatswain's 
chair either alone or in combination with the said under- 
arm supports. 

Similarly it has been found that a downward pressure 
of the body on to the pilot's seat of an aircraft during a 
loop or tight turn is most closely simulated by applying 
a downward pressure at the back and sides of the neck 
and inner shoulders in the region of the spine accom- 
panied by a circumferential downward pressure in the 
region of the abdomen and this effect is obtained by ap- 
plying downward movement to the belt which is linked 
to the collar 29. 

It is considered desirable in operating conventional 
flight simulators to endeavour to introduce a feeling of 
tension or even apprehension in the mind of a pilot when 
engaged in simulated combat or other critical manoeuvres, 
and this feeling may be assisted when a violent change of 
momentum is indicated by suddenly inflating the said 
harness FIGURES 6 to 8 to grip the pilot and then by 
applying the required vigorous movement and force upon 
his body in relation to his chair and flying harness. This 
feature associated with the method described in FIG- 
URES 6 to 8 may be found particularly advantageous in 
simulating the "catapult" take-off and "arrester hook" 
landing employed in aircraft carriers where sudden forces 
of the order of 4G are encountered. 

In the arrangement shown in FIGURE 10 instead of 
the pilot being moved relatively to the chair 14 and 
harness as in the previous constructions, bodily move- 
ment is imparted to the chair itself. 

The chair may be provided with a substantially rec- 
tangular frame and at or near each corner of the frame 
there is mounted a jack cylinder 107 within which is 
mounted a piston or ram 108. The lower end of the pis- 
ton rod of each ram has fixed to it a castor wheel . 109 
which runs on a flat surface. Also attached to the chair 
frame are four cables 110, 111, 112, and 113 which are 
actuated by four independent motors (not shown) so 
that the resulting force from the pull of the cables may 
move the chair frame in any direction in the. horizontal 
plane, whereas the differential operation of the jacks 107 



may tilt the chair in various directions or may move it 
bodily in an up and down direction. 

The pilot may be held in the chair by conventional 
harness straps 10, 11, 12, 13 which may be affixed thereto 

5 but instead of these straps being connected to the chair 
they may be anchored to the floor by cables 115, 116, 
117, 118 and the releasable clamp 20 is connected to the 
floor by a cable 119. . 
Alternatively the chair may be rigidly fixed against 

10 horizontal movement and thus the cables 110, 111, 112, 
and 113 are eliminated but the jacks are retained so as 
to impart tilt at various angles and/or up and down 
movement. Thus the effects of changes of momentum 
and particularly of "bumps" or the "buffeting" of an air- 

13 craft may be economically simulated, and the apparatus 
may conveniently be applied to commercial passenger- 
aircraft simulators. As indicated above the normal fly- 
ing harness may be attached to the chair but if sustained 
restraining pressure is required to be simulated the ends 

20 of the harness normally attached to the chair may be 
attached to the floor of the simulator as shown in FIG- 
URE 10. 

The selective control of the power means for obtaining 
the movement and pressure applied to the pilot accord- 
25 ing to this invention may be by linkage by known means 
to the pilot's controls and instruments by potentiometer 
means and or as analysed by a computer or by time con- 
trol or by manual means operated by the instructor or 
pupil. 

30 A simple known means of simulating, for example, 
the readings of the pilot's instruments is by electrical or 
other linkage with the pilot's engine and flying controls 
and this means is also employed for adjusting the attitude 
of the simulator as a whole, for applying total moYe- 

35 ments of a few feet to the simulator, and for regulating 
the resistance of the pilot's flying controls in relation to 
the supposed or indicated speed of the simulator. 

These or similar automatic means may be employed for 
selecting and regulating the movement to be applied in 

40 the manner described to the pilot's body by the various 
means provided by this invention, and this existing mecha- 
nism provides a convenient way of adapting this invention 
for use in existing flight simulators. 

Where however no such mechanism already exists for 

45 automatically controlling the power means employed in 
this invention, a simple automatic selection control cf 
the power means may be provided by electrical linkage 
with the pilot's operating controls employing known 
potentiometer, . computer and servo motor technique. 

50 For example the pilot is pressed back in his seat as 
the result of acceleration in proportion to a pre-calculated 
function of the rate and extent of the throttle opening, 
the pressure being relieved after a pre-calculated period. 
A reverse pressure is applied when the throttle is closed, 

55 the flaps operated and the landing brakes applied accord- 
ing to the extent and rate of application of these controls 
and the resultant pre-calculated deceleration. Similarly 
according to the rate and extent of the throttle opening 
and the estimated change of angular velocity of the air- 

60 craft as indicated by the movement of the elevator con-, 
trols the pilot is pressed downward into his seat or lifted 
from it. Sideways thrust is similarly applied to the pilot 
where the rudder controls are operated in flight in rela- 
tion to a given throttle position without use of aileron or 

C5 elevator controls. 

Hitherto in flight simulators effective means have been 
provided for simulating the visual and aural environment 
of a pilot and for providing him with practice in cockpit 
and navigational, procedure and with small short-period 

70 movement and vibration. 

Such means may be retained in the present arrange- 
ment and according to this invention, relatively simple 
means are further provided for simulating the physical 
reaction, movement and sustained pressure within his 

75 chair and harness suffered by a pilot in actual flight which 
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movement and pressure, particularly during combat ma- 
noeuvres, involve pressures of many times his own weight 
over a prolonged period of time. 

It will be appreciated that any of the forms of the in- 
vention as described in FIGURES 1 to 10 and otherwise 
comprising this invention may be used to supplement or 
provide additional movements and pressures to those pro- 
vided by conventional flight simulators where the cockpit 
itself is moved to an insufficient extent to provide move- 
ment and sustained pressures. 

I claim: 

1. An apparatus to simulate changes in movement of 
a vehicle comprising a chair to be occupied by an occu 



14 



10 



of a vehicle comprising a chair frame having a back 
and a seat and arranged to rest upon a support, a harness 
having parts which extend over the shoulders of the 
occupant of the chair and downwardly towards the seat 
and a part engageable with at least the abdomen of the 
occupant extending towards the back of the chair, which 
chair and parts are arranged to locate the body of the 
occupant in a normal position but permit yield in an 
up and down and fore and aft direction, and controllable 
power means adapted to impart controllable pressure 
and movement to the occupant's body in said directions 
through at least one of said parts including external 
mechanical means for applying movement to parts of the 
chair and harness and said power means and harness 



pant; harness means on said chair for engaging portions ana narness ana said power means and harness 

of the body of the occupant of said chair to hold said occu- 15 permitting a controlled and restrained, yielding movement 

pant yieldingly in position; a plurality of different selec- of the occupant's body limited by said harness in the 

tivelv operable means • for aanrvina cnntrnllaKIe vaHnWA selected directfnn rrf th*» n.™!;^ «r«*™~* 



tively operable means for applying controllable, variable, 
independent pressures to selected portions of said oc- 
cupant's body including external mechanical means for 



selected direction of the applied pressure relative to the 
chair. 

11. An apparatus according to claim 10 wherein said 



— — -j mw,UUIU 6 uL^uam^ta means xur ^ apyaiaius arcoraing io claim 10 wherein said 

applying movement to parts of the chai r and harness 20 seat and parts of the harness which extend across the 
and said ODerable means and said ham*** mpane Tv»r. shoulders of th« 



and said operable means and said harness means per- 
mitting a controled and restrained, yielding movement of 
the occupant's body limited by said harness in the se- 
lected direction of the applied pressure relative to the 



snoulders of the occupant and downwardly towards said 
seat are movable in an up and down direction relatively 
to the chair frame and the back of the chair and said 
part of harness which engages at least the abdomen of 



«i S i.u U u vi ui* ttppucu pressure relative 10 ine ^ uamcss wmcn engages at least the abdomen of 
chair whereby inertia forces as would result from changes 25 occupant are movable relatively to the chair frame 
in movement of said chair are simulated. in a fore and aft mV.er.tfrm a«H **:a ™— * 



- — »« » ^"-j *v u-iw* vixau i ■ "'in? 

in a fore and aft direction and said power means is pro- 
vided with differentially movable actuating means con- 
nected to said seat, back and said parts of the harness. 

12. An apparatus according to claim U wherein said 
parts of the harness which extend across the shoulders 
of the occupant and downwardly towards said seat are 
fixed against up and down movement and said part of 
the harness which engages at least the abdomen of the 
occupant is fixed against fore and aft movement and said 



in movement of said chair are simulated. 

2. An apparatus according to claim 1 wherein said har- 
ness means includes a yoke containing guideways extending 
around the nape of the occupant's neck and over those 
parts of his shoulders adjacent the neck and wherein said 30 
selectively operable means is connected to said harness 
means, said harness means including straps which fit over 
the shoulders and pass through said guideways in said 

yoke whereby tension in the straps exerts a downward v^^u^am is iixea against tore and aft movement and said 
pressure on said yoke and upon the occupant's spine 35 power means comprises differentially movable actuating 
and which guideways prevent the straps from slipping means adapted to impart fore and aft movement and 
off the yoke onto the occupant's shoulders. U P and down movement to said chair. 

3. An apparatus according to claim 1 wherein said l3 - An apparatus according to claim 10 wherein means 
harness means comprises a conventional harness and a 3X0 provided for imparting movement to auxiliary equip- 
supplementary harness the former of which comprises 40 ment relative to said occupant. 

shoulder straps connected at one end to the chair and 14 - An apparatus according to claim 10 wherein said 

passing over the shoulders and connected at the other power means provided with controls linked to computer 
end to the center of a flexible belt which is also connected mechanism by potentiometers and servo motors and is 
to the chair and the supplementary harness comprises a conditioned by vehicle controls actuated by said occupant 
comparatively rigid belt connected to power means which 4 « 15 - A* 1 apparatus according to claim 14 wherein said 
is adapted to move it in an up and down, fore and aft, ^ ««™ ' "■ • 

or in sideways directions or in any combination of these 
movements according to the inertia! effect to be simulated. 

4. An apparatus according to claim 3 wherein said 



comparatively rigid belt has rigidly fixed thereto a shaft 50 ^wnwarajy towards the seat are connected to the part 
which extends through an opening in the back of said which engages the abdomen and which part is connected 



power means is controlled by the potentiometers and 
servos direct from pilot controls and instruments. 

16. An apparatus according to claim 12 wherein those 
parts of the harness which extend over the shoulders and 
downwardly towards the seat are connected to the part 

Which fncratroe ft><* . . , . . - ■ * ^ 



chair and is operated by said power means through a 
transmission arranged to impart to it said combination 
of movements. 

5. An apparatus according to claim 3 wherein a yoke 
including guideways is arranged to extend over the 
shoulders and around the neck of said occupant and 
over or under the conventional harness and is attached 
by straps to the back and front of the comparatively 
rigid belt and wherein the shoulder straps of the con- 
ventional harness are arranged to extend through said 
guideways in said yoke. 

6. An apparatus according to claim 5 wherein said 
yoke and belt include inflatable padding. 



to the support and wherein those parts of the harness 
which extend downwardly from the shoulders at the 
back of the occupant are fixed to said support. 
55 * X7 *- J An ap ? aratus according to claim 11 wherein each 
of said movable seat and back portions of said chair are 
formed m a number of parts and said power means is 
provided with actuating means for differentially moving 
the said parts so that the occupant may be moved bodily 
sideways or tilted sideways. y 
18. An apparatus according to claim 11 wherein a said 
power means is provided with controls for selectively 
imparting relative variable movements between the parte 
of the equipment and parts of the chair, which control 



60 



~ w ; pauuuig. — — ^i^" pans oi ine cnair, which control 

7 An apparatus according to claim 3 wherein a boats- fl « means are arranged to be actuated by the occupant in 
aw s. type chair is adfustablv attached to nmnnsitP «?r^« 00 operating his controls. * 



wain's type chair is adjustably attached to apposite sides 
of the belt. 

3. An apparatus according to claim 3 wherein crutches 
are adjustably mounted on said comparatively rigid belt, 
so as to be movable in an up and down direction and 
to be engageable beneath the armpits of the occupant 

9. An apparatus according to claim 3 wherein means 
are provided for contracting and expanding said com- 
paratively rigid, belt 



10. 



operating his controls. 

19 An apparatus according to claim 11 wherein parts 
oi the harness which extend downwardly towards the 
seat are connected to that part of the harness which en- 
70 gages the abdomen of the occupant, and wherein two 
other parts of the harness which extend downwardly from 
the shoulders are connected to independently operated 
members of said power means. 

20. An apparatus according to claim 11 and wherein 



"•■> -•*» ~- ^ appaiams accoromg to ciaim ix and wherein 

An apparatus for simulating changes in movement 75 the part of the harness which engages shoulders of the 



07/30/2003, EAST Version: 1.03.0002 



15 



3,309,705 



occupant has extensions on opposite sides of the occupant 
which are connected to independently operated members 
of the power means -whereby sideways movement may be 
imparted to the occupant. 

21. Apparatus according to claim 11 for simiulating 
the changes in movement and attitude of a vehicle com- 
prising a chair frame of the kind normally used for 
the vehicle, the seat and back of which or parts thereof 
are adapted to be movable and are connected to members 
of the power means, and a harness having parts which 
extend over the shoulders of the occupant and other parts 
which embrace at least the abdomen of the occupant, and 
other parts extending on opposite sides of the occupant 
each of which parts are attached to cables or the like 
connected to members of the power means so that vari- 
able up and down, fore and aft and sideways pressure 
and movement may. be applied to the occupant from the 
said power means. 
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apparatus to impose centrifugal forces upon his body 

ri?^TinT^ 7 i 3 FVirRrTWP durin ? "F exe f dse P eriod - Such centrifugal forces may 

« ijm a t KJUSJiciwui vary in intensity depending upon the speed of rotation 

of Maryland ^ 5 cerned, produce the same effect as if he were on the earth's 

Filed Dec 17, 1965, Ser. No. 525,271 surface. 

Int CL A63g 1/12, 1/00; G09b 9/08 Although the concept of such means for maintaining the 
US. Ch 272 — 33 13 Claims physical condition of spacecraft crews is generally ac- 
cepted, the weight penalty of such apparatus appears at 
— — • — 10 first to be prohibitive, not only because of the weight and 
A DGTD a c*v m Trow rucn rfcCTnii? ouUc of 4116 device itself but, more important, because of 
ABSTRACT OF THE DISCLOSURE the weight of propellants required to cancel out the 
The centrifugal apparatus includes an elongated frame reaction of the device upon the spacecraft by use of the 
which is supported for rotation at its central portion. The spacecraft altitude control system, 
frame carries a cradle at one end which is adapted to ac- 15 Accordingly, an object of the invention is to provide a 
commodate a passenger and a counterweight disposed at novel and improved centrifugal exerciser which is a 
the opposite end of the frame. The counterweight is ad- compact, lightweight unit, of a carefully balanced con- 
jus table to compensate for different passenger weights. struction and which may be easily incorporated into a 
The counterweight includes a rotatable flywheel mounted spaceship design. 

for rotation about an axis parallel to the axis of rotation 20 Another object of the invention is to provide a novel 

of the frame. A manual drive means is provided for and improved centrifugal exerciser for a spaceship which 

rotating the frame and comprises a pedal device located is manually operated by a passenger, commencing as 

on the cradle and driven by the passenger. Hie drive is from a position at rest, as within a spaceship, easily 

transmitted from the pedals to the rotatable flywheel and rotated to the speed which produces a desired centrifugal 

drives the flywheel in one direction of rotation which in 25 effect, and thereafter returned to the original resting 

mm rotates the frame in the opposite direction. position . 

A further object of the invention is to provide a novel 

— — — — — and improved centrifugal exerciser for a spaceship which 

... is a self-contained, well-balanced unit which will not 

This invention relates to vehicular exercising apparatus 30 vibrate or wobble on its mounting spindle within the 

• and more particularly to rotary vehicular exercisers, spaceship and which may be accelerated to any desired 
which simultaneously supply artifical gravity, wherein a spcc( j 0 f rotation without imposing torque upon its mount- 
passerigerwill spin about a circular path. ing spindle or on the spaceship. 

A primary object of the present invention is to Provide objcct of ^ mvcntion is t0 provide 

a novel construction of a rotary vehicle for use as an 35 novel ^ . ed ^ 

exerciser and for spinning a passenger about n circular be ^ m a ^gravity environment and also may be 

path w^ suffiaen^ used . a normal ^ * with 

ugal force upon the passenger's body. As such, the m- . ^-j;^,. „ 7 

• vention wiU be hereinafter called a "centrifugal exerciser.- sh^tmc>dmcabons . . 

: It is anticipated that the centrifugal exerciser, the pres- « Another object of the invention is to provide a novel 

ent invention, can be advantageously used in space travel, and j*P«>ved centrifugal exerciser which can be built, 

"and accordingly,, another object of the invention is to and P roven the construction of a terrestrial 

provide a novel and improved centrifugal exerciser which umt > to produce a compact, efficient, reliable unit for 

is a' self-propelled unit capable of operating in a zero- - zero-gravity use. 

:gravity environment as in a spaceship. 45 A further object of the invention is to provide, in a 
As more extensive trips into outer space , are being centrifugal exerciser, a unique arrangement , of counter- 
planned, the physiological effects of prolonged living in weights and balancing members to produce a self-con- 
a zero-gravity, weightless environment become a matter tained, fully-balanced apparatus with a minimum pos- 
bf concern. For example, it has been observed that an sible overall weight and bulk. 

astronaut's rate of heart beat will slow down significantly 60 With the foregoing and other objects in view, all of 
" after a few days in space, but will speed up considerably which more fully hereinafter appear, my invention corn- 
above normal as he is returning to earth. Another concern prises certain constructions, combinations and arrange- 
is an undesirable loss of muscle tone in a prolonged men ts of parts and elements as hereinafter described, 
weightless environment It is generally conceded that defined in the appended claims and: ^illustrated in preferred 
these observed, and oAer physical changes can brmg embodiments k ^ accompanying drawing, in which: 

■K2*^ P y FIGURE 1 is a perspective view of a first embodiment 

a prolonged tnp into space. * . , r . .„ ^ . . 

It has been suggested that a space traveler can avoid of *» centnfu ^l exerciser, lUustrattng the same as carry- 

-the deleterious effects which may be produced by weight- m & a . P^^Ser and with broken lines at one portion ln- 

lessness through periodic and repeated exercises of a type 60 bating the manner in which the.passenger-carrying cradle 

• which not only stimulate the individual's physique, but section swings when the apparatus is in use. 

also produces a simulated gravitational effect on his body. FIGURE 2 is a fragmentary sectional detail of the 

• The natural and obvious mode of simulating gravity counterbalancing portion of . the apparatus as taken sub- 
effects is to place an individual at the rim of a whirling stantially from the indicated line 2 — 2 at FIG. 1. 
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FIGURE 3 is a fragmentary sectional detail of the The Y-frame 10 is formed of lightweight, tubular struc- 

central mounting pivot of the apparatus as taken sub- rural members suitably welded together. It includes a leg 

stantially from the indicated line 3 — 3 at FIG. 1. 20 at one side of the spindle to carry the counterweight 

FIGURE 4 is a front perspective view of the passenger- assembly 12 and a pair of diverging arms 21 at the other 

carrying cradle of the apparatus as taken substantially g side of the spindle to , support the passenger cradle 11. 

from the indicated arrow 4 at FIG. 1. The length of the . legs and arms is such as to provide 

FIGURE 5 is a rear perspective view of the passenger- a balance point at the crotch, of the Y where the leg 

carrying section of the apparatus as taken substantially and arms come together. The frame includes a short, tu- 

from the indicated arrow 5 at FIG. 1. bular sleeve 22 at this crotch which is suitably welded to 

FIGURE 6 is a fragmentary elevational detail view as 10 A* frame members to depend normally from the plane 

taken from the indicated arrow 6 at FIG. 5. of the Y-frame and to hold the spindle 13. Reinforcing 

FIGURE 7 is a side elevational view of a second em- struts 23 connect the leg 20 and arms 21 with the lower 

bodiment of the centrifugal exerciser, which is especial- end of the sleeve 22 to enhance the strength and -rigidity 

ly adapted to be used in a zero-gravity environment of the assembly. 

FIGURE 8 is a reduced-scale, front elevational view of 15 As seen in FIG. 3; the spindle 13 is a cylindrical rod 

the exerciser illustrated at FIG. 7, wherein the apparatus which is stepped into sections of decreasing diameter. A 

is illustrated as being mounted within an annular housing base section 24, of maximum diameter, fits into a socketed 

as at an end of a spaceship compartment. plug .25 at the top of the post 14. Rivets 26 extending 

The improved centrifugal exerciser was conceived and through the top of the post hold these members together, 

developed to produce a terrestrial unit which can be 20 An intermediate spindle section 27 of smaller diameter 

easily modified for use in a zero-gravity environment, as in extends through and above the frame sleeve 22 and sup- 

a spaceship. To accomplish this, the terrestrial unit was ports the frame by a pair of radial-thrust type bearings 28 

designed to rotate in a horizontal plane, about a vertical on the spindle and within the sleeve. A lower bearing sets 

spindle axis, so tbat gravity forces on the apparatus would upon the shoulder 29 between the base and, intermediate 

be normal to the plane of rotation, and would not pro- 25 sections of the spindle and is fitted into the lower end of 

duce components in this rotative plane. Accordingly, the the sleeve 22. A spacer tube. 30 within the sleeve: separates 

balancing-out of gravity forces at each side of the ver- the upper and lower bearings 28. The upper -bearing is 

tical spindle axis produces a condition simulating a zero- at the top end of the sleeve and abuts against 'an inturned 

gravity environment in the horizontal plane of rotation. flange 31, of the sleeve to support the frame 10 upon the 

The exerciser is, basically, a longitudinally-extended 30 spindle 13. An upper, section 32 at the top Of the spindle, 
structure, mounted upon a central vertical spindle. It is - of further reduced diameter, holds a pair of bearings 33 
adapted to carry a passenger at one side of the spindle which support idler sprockets, hereinafter described. - 
and counterweights at the opposite side thereof. The ap- The counterweight assembly 12 at the outward end of 
paratus must be carefully balanced upon this central the leg 20 includes .-a flywheel 35' and a fixed weight 3$. 
spindle to avoid vibration and wobbling as it is rotated. 35 The fly wheel serves two functionsi first, to impart angular 
Such balancing is of considerable importance since the momentum to rotate the apparatus, and secondly, to sup- 
comparatively light weight of the spaceship, wherein a pjement the fixed weight 36 in balancing the weight of a 
zero-gravity unit may be used, simply cannot serve as a passenger at the opposite end of the apparatus. Accord- 
buttress to take care of irregularities of weight distribu- itigiy, the flywheel 35 is a comparatively heavy member 
tion in the apparatus. Also, the frame connection to 40 a he av y rial 37. It is mounted ta lie in a horizontal 
the spindle must be substantially frictionless to prevent plane at the underside of the leg 20 and is carried by a 
torque from being imparted to the spaceship as the ex- vertical shaft 38 which extends upwardly and through 
erciser is rotated. Moreover, the exerciser must be self- sleeve 39 near the end of the leg. The. sleeve 39 is -formed 
contained in that external torque action cannot be used of tubular members extending through and upstanding 
to initiate rotation and to later stop the rotation without 45 from the leg 20, suitably welded: into position on the leg 
disturbing the orientation of the spacecraft and further secured by a strut 40, as shown at. FIG. 2. 

The physical phenomenon involved in rendering the The shaft -38 is mounted in this sleeve- 39 by a paiF of 
exerciser a self-contained, self -operating unit involves the bearings ■ 41, one being, positioned: at the bottom of \ the 
application of conservation of momentum and in this sleeve against: an inwardly turned flange . 42 and the other 
instance, the conservation of angular momentum. Accord- 50 at the top of the sleeve in a socket :43;: The top. portion 
ingly, the invention includes the concept of providing a fly- of the shaft 38 extends above the skeve. to carry;-* drive 
wheel adapted to be at rest whenever the exerciser is .at sprocket, hereinafter described.:- :: * • 
rest and to be rotated in one direction to rotate the The fixed weight 36 is adjustabl'ejto shift outwardly, and 
exerciser in the opposite direction. In order to minimize inwardly from the leg 20 so that it may ! be positioned to 
the overall weight of the apparatus, this flywheel is mount- 56 balance the apparatus to tbs different weights of the in- 
ed away from the spindle to serve also as a counterweight. <3ividuate who- may ;use it - It is amounted- upon a pair *>f 
It thus serves a double function, to balance the appara- threaded 1 rods 44' which* lie in spaced 'parallelisms with the 
tus, including a passenger, on the central pivot and to leg 20^ -which each rod; being at one side of the. leg arid 
create angular momentum to rotate the apparatus, As an extending beyond the; outward ^end>of> thei leg. Each, out- 
exerciser, it is further contemplated that this flywheel will 60 wardly extended rod portion -fits into a < hole through the 
be rotated by efforts of the passenger through suitable weight and is fastened : to the ^weight by lock nuts 45;vThe 
drive mechanisms, as will be set forth in detail. rods are also affixed to the Jeg 20 by a pair of rectangular 

Referring more particularly to the drawing, the ter- brackets 46: Each bracket is- transversely jnountedjon the 

restrial unit of a centrifugal exerciser E is illustrated at leg, with- one, bracket being afcthei end- of * the; leg. and the 

HGS. 1 to 6. A modified unit E', for a zero-gravity en- 65 other, being spaced a short distance, inwardly from the.end 

vironment, is illustrated at FIGS. 7 and 8, as will be thereof; Each bracket -.includes! a. ipair ^of. holes, where- 

hereinafter further described. The exerciser E is formed through the rods: are ^extended* and the ? rods .are. ad- 

as an elongated Y-frame 10 having a passenger-carrying justably positioned: upon these brackets ,by - opposing 4ock 

cradle 11 at one end and a counterweight assembly 12 nuts '45; as in the manner illustrated at EIG;.-2; : , ••. 

at the other end. The frame 10 is supported upon a cen- 70 Where. the- apparatus is used - frequency : by, many r perr 

tral spindle 13 which, in turn, is mounted in a vertical sons and adjustments of the fixed weight; 36* are- also fre- 

post 14. The post, holding the spindle vertically, is formed quent,.it is contemplated that the adjustments may-be con- 

with a flange 15 at its base to permit it to be securely trolled by^ servo-mechanism, not show^ r -by eUminating 

anchored to a floor, as by lug bolts 16 extending through the nut .45 which connect jtherrod^^ the bracketS;46.,and 

suitable holes in the. flange and into the floor. 75 replacing them with shifting .screws . affixed to..a-, bracket 
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and rotated by the servo mechanism. However, a manual- 
ly adjustable apparatus, such as that illustrated, is prefer- 
able for the sake of simplicity where adjustments of this 
weight will not be excessively frequent. 

The passenger cradle 11 is formed as a squat, U-shaped 5 
structure having a transversely disposed base tube 50 and 
a front arm 51 and a rear arm 52 upstanding from the 
respective ends of the base tube, as clearly seen in FIG. 5. 
The top ends of the cradle arms lie between and are pivot- 
ally connected to the outward ends of a frame arms 21 1Q 
by a front pivot rod 53 and a rear pivot rod 54 which are 
secured to the respective arms 51 and 52 and are aligned 
on a common, transverse axis. These pivot rods are sus- 
pended, respectively, in a front bearing 55 and rear bear- 
ings 56 at the ends of the frame arms 21. 15 

A passenger seat 57 is mounted upon the base tube 50 
of the cradle at a position adjacent to the rear arm 52, 
the mounting being effected by a clamp head 58 at the 
underside of the seat A balancing handle 59 is mounted 
upon a post 60 which is attached to the front arm 51 to 2 o 
extend rearwardly from that arm and place the handle at 
a position where a passenger may easily grip it The post 
60 is adjustable in length by providing two telescopically 
interconnected tubular portions which may be locked to- 
gether as by a pin 61 extending through suitable register- 25 
ing holes in the post portions. To complete the cradle, a 
manual driving mechanism is mounted on the base tube 
50, the preferred driving mechanism, as illustrated, is a 
pedal system similar to a bicycle drive, as will be herein- 
after further described. 30 

With this arrangement, the cradle 11 is suspended in the 
horizontally disposed frame 10 to hang vertically there- 
from when the apparatus is at rest, but to swing outwardly 
and away from the frame 10 as it is being rotated, as in 
the manner indicated by the broken-line portion of the 35 
arm 51, illustrated at FIG. 1. The centrifugal force pro- 
ducing this outward swing of the cradle is a horizontal 
component proportional to the speed of rotation of the 
apparatus. The gravity force, due to the weight of the 
passenger and cradle, is a vertical component which re- 40 
mains constant and which is not influenced by, nor influ- 
ences, the horizontal centrifugal forces. Accordingly, ex- 
cepting for a small unbalance due to the outward swing of 
the cradle as it speeds rotation, the horizontal compo- 
nents of forces and momentum effects on the apparatus, 
which vary according to the speed of rotation of the ap- 
paratus, will simulate the action of the apparatus in a 
zero-gravity environment. 

The manual drive includes a train of mechanisms which 
extend from foot pedals 62 at the lower front end of 50 
the cradle to the flywheel 35 at the opposite end of the 
apparatus, as best seen in FIG. 1. The first section of 
this train of mechanisms includes the pedals 62 at each 
side of a pedal shaft 63 which is mounted in a frame 
bearing 64 secured to the underside of the forward end of 55 
the base tube 50. A nest of three drive sprockets 65, of 
different diameters, is carried on this pedal shaft and a 
chain 66 is meshed upon one of the sprockets to extend 
rearwardly to mesh with one of a nest of rear driven 
sprockets 67, clearly shown in FIG. 4. These rear sprock- 50 
ets 67 are mounted upon a shaft 68 carried in a U-shaped 
bracket 69 which is clamped to the base tube 50 to ex- 
tend rearwardly of the rear arm 52 of a cradle, as in FIG. 
5. The pedals, driving sprockets 65, chain 66 and driven 
sprockets 67 are similar to a conventional bicycle drive. $5 
To obtain variable speeds of operation, the chain is shifted 
from one sprocket to another at either the front sprocket 
nest 65 or the rear sprocket nest by conventional bicycle 
derailing devices, generally indicated as 70 in FIGS. 4 
and 5, which is regulated by controls 71 affixed to suit- 70 
able spurs 72 upstanding from the base tube 50. 

The nest of driven sprockets 67 is connected with a 
first bevel gear 73, on the shaft 68. This bevel gear meshes 
with a second bevel gear 74, as best seen in FIG. 5, 
which is mounted on the end of a shaft 75, perpendicular 75 



to the shaft 68 and paralleling the arm 52. This shaft 75 
is mounted in bearings 76 secured to the arm 52 by clamp 
heads 77. A third bevel gear 78 is mounted at the top 
of the shaft 75 adjacent to the pivot rod 54 which con- 
nects the rear arm 52 of the cradle with the frame arm 
21. A fourth bevel gear 79, an idler gear, is mounted 
upon an extension of this rear pivot rod 54 to. mesh with 
the third gear and also mesh with a fifth bevel gear 80 
which is mounted upon a shaft 81 carried in a pivot block 
82, as in FIG. 6, attached to the end of the rear frame 
arm 21, the block 82 also supporting the rear bearings 56, 
heretofore described. A strut 40 upstanding from the 
frame arm 21 reinforces this block 82 on the arm 21. It 
follows that swinging movements of the cradle 11 about 
the frame pivots rods 53 and 54 are possible with the 
bevel gears 78 and 80 at each side of the idler 79 re- 
maining in mesh with idler and with the train of mecha- 
nisms being interconnected regardless of the position as- 
sumed by the cradle 11. 

The shaft 81 upstands from the frame arm 21 within 
the bracket block 82 and a first frame sprocket 83 is 
mounted on shaft 81 above the fifth bevel gear 80. A 
chain 84 extends from the sprocket 83 above the arm 21 
towards the crotch of the Y-frame to connect with a 
second sprocket 85 mounted upon the upper section 32 
of the spindle 13, on a bearing 33. This second sprocket 
is interconnected with a third sprocket 86 also mounted 
upon the spindle section on another bearing 33. The 
sprocket group 85 and 86 thus idle on spindle 13. A 
chain 87 extends from this third sprocket 86 to a fourth 
sprocket 88 which is mounted upon the flywheel shaft 38 
to complete the assembly. 

The apparatus is simple to operate. Once it is balanced 
for a passenger, the passenger simply mounts the appa- 
ratus in the seat 57, and may secure himself therein with 
a safety belt 89, as indicated at FIG. 1. Also, a headrest 
90, extending above the seat, is desirable to help hold the 
passenger's head in a fixed position. To commence, he 
shifts the chain 66 onto any selected pair of sprockets 
65 and 67 and simply commences to turn the mechanisms 
with the foot pedals 62 and thereby commence to ro- 
tate the flywheel 35. The rotation of the flywheel effects 
a counter rotation of the apparatus about the spindle 13. 
To increase the speed of rotation, the passenger may shift 
chain 66 to other pairs of sprockets 65 and 67, the same 
as a bicycle rider shifts the chain on the bicycle sprockets. 
As the speed of rotation is increased, the passenger's cradle 
swings outwardly, and the cradle is adapted to swing to 
an angle of approximately 75 degrees from the vertical 
rest position. The limiting swing is where the teeth of 
the third bevel gear 78 commences to contact the teeth 
of the fifth bevel gear 80. Accordingly, a centrifugal force 
of approximately twice gravity is possible with the ap- 
paratus. To prevent an excessive upswing from clashing 
the bevel gears 78 and 80, a stop, not shown, may be 
mounted upon a frame arm 21 adjacent to the bearing, 55 
or 56, to contact the end of the cradle arm, 51 or 52. 

To stop the apparatus, the operator need only to slow 
down and stop turning the pedals 62. In a more elaborate 
construction than that shown, a ratchet mechanism at 
the pedal, or elsewhere, may be used to permit the train 
of mechanisms to be disengaged when the passenger stops 
pedaling and a brake may be used to stop the spinning of 
the flywheel. 

The exerciser E, illustrated at FIGS. 1 to 6, may be 
easily modified for use in a zero-gravity environment by 
an actual simplification of the construction of the unit 
The exerciser E', illustrated at FIGS. 7 and 8, is exem- 
plary of such modification. The frame 10* and the pas- 
senger cradle 11' are rigidly interconnected by welding 
the arms 51' and 52' to the frame arms 21', and with the 
arms 51' and 52' lying in the same plane as arms 21'. 
This modification eliminates pivot rods 53 and 54, bear- 
ings 55 and 56 and the idler bevel gear 79; With the re- 
spective arms in a common plane, the bevel gear 78 is 
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directly connected to the bevel gear 80, as illustrated. rotate the flywheel, and said flywheel rotating means ex- 

It is to be noted that the elimination of the idler bevel tends from the flywheel to the passenger's cradle and in- 

gear reverses the direction of flywheel rotation with re- eludes manually operable driving means whereby the fly- 

spect to rotation of the foot pedals, and in order to ro- wheel is rotated manually, as by the efforts of the pas- 

tate the exerciser f orwardly, with respect to the passenger's fi senger in the cradle. 

position, the foot pedals will have to be turned in a direc- 3. In the exerciser . defined in daw* 2 » wherein said 
don which is normally backwards. However, if reverse counterweight assembly includes a fixed weight attached to 
pedaling is undesirable, the second bevel gear 74' may be , the frame. and! adapte.d .tp be, shifted along, the, frame, to- 
relocated as to the position indicated in broken lines at - wards , and away frpm.*e ..spindle^ and jset at. selected 
FIG. 7 by suitable modifications of the bracket 69 and 10 position on:the«frame to counterbalance: the 1 weight of a 
the shafts 68 and 75 specific, passenger. y r * v . - 

This apparatus may be mounted in a cylindrical end 4. In the exerciser defined in claim 2, whereto the spindle 
of a spaceship S to rotate in a plane parallel to the end- is mounted upon a vertical post and the frame is adapted 
wall 91 of the ship. The spindle 13 of the apparatus is to rotate in a horizontal plane about the posy and where- 
mounted in a post 14' which, in turn, is mounted at the 15 in the passenger's crade^pjvo tally suspended from the 
center of the endwall 91. This post may be rigidly affixed frame and is thereby adapted to hang from the end of toe 
to the ship endwall 91, as by flange 15' attached thereto frame when the apparatus;* not'iotahn^butis adapted 
by bolts 16'. Where the apparatus is mounted in a zero- to swing outwardly when the apparatus is rotating about 
gravity environment and angular momentum is imparted the spindle. _ . . . . . t . 
to it, as by rotation of the flywheel, without any other 20 ' 5. In- the exerciser o>fined m c^ 
displacement the unit will naturally commence rotating is Y-shaped with the spindle meaj$ being adjacent J6,n>e 
about an axis which is a true centroid of the apparatus.. The crotch bflflieY and with ^M<»^ W- 
adjustments to the fixed weight 36 will place the centroid of shaped tatouf. piyotally suspended between the arms of 
the apparatus as close as possible to the axis of thespindle u>e Y. . u*J>'> - -'Lu^j'iito 
13. U this is not done, excessive vibration will be im- 25 6. In exerciser defined m claim k 2, wherem said 
parted to the spaceship as the exerciser is rotated should frame is Y-shaped with the spindle means adjacent, to ( the 
£he post 14' be rigidly affixed to (he wall. -s crotch of Ae.Y, m.^^a fynMj^&V^^.f^ 

It is important that this apparatus be dyiiamically suspended between the a^.tf/t£X^^^*^ 

balanced when a passenger is mounted in the seat 57,nbt senger seat at one end thereof ; and ^driving means in front 

only with respect to radial centrifugal actions from -a 30 of the passenger's seat adapted to.be operated by the pas- 

ccntroid as at the axis of the spindle 13, but also .with senger, said driving means being operative^ connected to 

respect to acceleration movements of portions of thesys- the flywheel. and bemg adapted to rotate • tte same;»r 

tenTparallel to the spindle axis. This latter action; tends to 7. In : the exerciser set-forth; m;claim»6^ wherem^said 

create a wobbling of the exerciser upon the spindle. Ac driving means include* a crankm^means. at Uie passen- 

cordingly, it is important that the center of gravity of the 35 gerV cradle -and a . t^ ^ me^am^c interconnect- 

counterweight assembly at one side of the apparatus and mg the cranking means and the-flywheek' - - • ; r : • 

of the passenger's cradle and passenger therewithin at the *. ;In the .exerciser set f otthjn claim :> ^fmmjnid 

other sideof the apparatus be at diametrically opposing driving means includes apedal drive adapted to be turned 

points which would lie on a line which intersects and is. ... by the passenger* a tram of mechanisms < interconnecting 

normal to the spindle axis. To provide such, the cradle 40 from me. pedal dme td^the.^wheelj mcludin* sprockets 

arms 51' and 52' may be provided with offsets 94 to ■ and chain means. paralleling the frame. : - ^ \ • 

facilitate lining up and balancing the apparatus. ? In the exerciser set forth in- ?^^ tn ^} d 

While I have now described my invention in consider- driving means includes -a. pedal/drive^ at the baseipf. the 

able detail, it is obvious that others skilled in the art can passenger cradle, a shaft r extendm? alongside an *W:Ot 

build and devise alternate and equivalent constructions 45 the cradle to the Y-arm of the i framej a sprocket at the 

which are nevertheless within the spirit and scope of my end of the Y-arm mteiconneCted^to the ^-fc^^'** 

invention. Hence, I desire that my protection be limited, sprocket-at the fly wheel. and cham means mterconnectmg 

not by the constructions illustrated and described, but the sprockets: j;<| ■ :^'''v; ^V^ r ^ Ll' : 'ui m ~mT 

only by the proper scope of the appended claims. : '10; In tthe exerciser set ^form m dainrS>, mehid^:i^er 

What is claimed is: . 50 sprockets at me spindlew ^ e ;* ^-j ]J ^ T * L 

1. A centrifugal exerciser mounted upon aspindle and »fH. In *e : exerciser set^forth m-claIm-:6^^he^em^8aid 
being adapted to rotate freely thereabout, and comprising, frameand passenger* cradleare ui^Jcommottglane. 

in combination therewith/ an elongated frame having a Uyln-lht exerciser^ f^'my^^whtim the 

spindle mount at its central portion, a cradle at one end passenger's cradle is pivoted to to :£™£™ 

of the frame adapted to support a passenger, a- counter- 55 : & 'ynt^f^f^^tw^ mi^^ 

weight assembly at the other end of the fraine: adapted zontalry>upon<a vertfcaUy>a^sed*pm^^ 

to balance the apparatus upon thespindle with a passenger wardly tom4heveita^^^^ rottted*oo<rttne 

in the cradle, a flywheel -carried upon the frame* and hav- -spindle.'^' •■• >-j' ■>• .c^ib r^^.p .-. xh-.i i*K.yy. ^. 

ing its axis parallel to the spindle axis and bemg "adapted •■''13^ A centrifugal exerciser for a zero-gravity environ- 

to be rotated with respect to the frame in one direction 6 0 aairttfs^ces^and cdn^rlsmjr * 

and thereby impart rotation to me frame iii the opidsite ' ^ inember:adapted W the-wall of«tne 

direction, and a manually operable drive means operable ^sWp^hormallrrejtrainf the apparan^; 

by a passenger in me cradle adapted to rotate the flywheel. - "an elctogated frame ■ having W Y>shaped' confignratipn 

2. A centrifugal exerciser mounted upon a spindle - v ; wn^ a cehM le^ 

and being adapted to rotate thereabout, and comprising, g5 ^ositelylhereto; y xi** f : ■ • ; _?'>' w ^^jj'r 

in combination therewith, an elongated frame having a ^sub- a low-friction bearing attached to ffie^trafcjortion 

stantially frictionless spindle mount at its central jportfon, ' • of said frame pivotally engafemg- said member and 

a cradle at one end of the frame adapted to support a f.> : ?lMi^§A&Xnm^ is noimal to me^^iof>said 

passenger, a counterweight assembly at the other end *l " : frame; : » • v* .ytr.-.^" .:• r ? ^ : 
the frame adapted to balance me apparatus with a pas- 70 l: # V-&ixjp&-^^ 

senger in the cradle, wherein the counterweight assehibry ' '^^'^^''^^W.^?'^.^'.^^ ?^ Jthte ! Y ! frame 

includes a flywheel having its axis parallel to the spindle ' as a continuation thereof;' - * ■ : ; *~J. ■ ' ^''.' t 

axis and being adapted to be rotated With reSpect>to 'Hit a.&unttr^ei^ 

frame in one direction'*) .unpart rototion to 'm> trame.' fa 1 

^^ma'Mat^ 



me opposite direction, means oh. ,the frame ;ad&pted to 75 
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counterweight assembly being proportioned to place 
the ccntroid of the system substantially at the bear- 
ing axis when a passenger is in place in the cradle; 
and 

manually driven means at the passenger's cradle ex- 
tending to the flywheel, and adapted to be operated by 
a passenger to rotate the flywheel, whereby rotation 
of the flywheel imparts a counter rotation of the 
frame. 
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[57] ABSTRACT 

Disclosed is a simulator includes a substantially circular 
outer frame pivotally mounted on a base; an outer frame- 
driving tire which is pressed against an outer side of the 
outer frame by means of a spring disposed on the base and 
is adapted to drive the outer frame, an inner frase formed in 
a maneuvering seat and pivotally supported between oppos- 
ing portions of an inner peripheral wall of the outer frame; 
and an inner frame-driving tire which is pressed against an 
inner side of the outer frame by means of a spring disposed 
within the inner frame and is adapted to drive the inner 
frame. Also disclosed is an occupant holding apparatus for 
use in the simulator. 

9 Claims, 9 Drawing Sheets 
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FIG. 3 
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FIG. 7 
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ROTATING SIMULATOR AND BODY 
HOLDING APPARATUS THEREFOR 

This is a division of prior application Ser. No. 07/667, 
549, filed on Mar. 11, 1991, now patented, U.S. Pat. No. 5 
5,489,212, for a ROTATING SIMULATION SYSTEM 
AND BODY HOLDING APPARATUS. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 10 
The present invention relates to a simulator for simulating 

the experience of riding a futuristic riding machine or 
maneuvering a fighter plane, and more particularly to a 
simulator suitable for a simulation game. In addition, the 
present invention concerns an occupant holding apparatus 15 
for use in such a simulator or a rotating recreational machine 
adapted to rotate vertically and horizontally. 

2. Description of the Related Art 

Hitherto, various simulators for use in bodily sensation 2Q 
games have been developed. However, no simulators for 
games for realizing a 360° turn, such as a vertical somersault 
or a horizontal somersault, have not been put to practical 
use. 

Japanese Utility Model Application Laid-Open No. 25 
58-180751 can be cited as a conventional occupant holding 
apparatus for a recreational riding machine such as a jet 
coaster found in an amusement park or the like. 

In the aforementioned invention, there is disclosed an 
occupant holding apparatus for a recreational riding 30 
machine, comprising: an occupant's knee holding bar, a 
hydraulic cylinder in which a cylinder rod capable of 
moving forward and backward and having one end pivotally 
secured to an end of the knee holding bar is slidably inserted; 
a ropeway pipe having one end connected to the other end 35 
of the cylinder rod; a ratchet gear having one end connected 
to the other end of the ropeway pipe; and an occupant's 
shoulder holding am secured to a shaft of the ratchet gear. 

The occupant holding apparatus disclosed in the above- 
described embodiment is designed to hold the occupant's 40 
shoulder and knee portions. Although it is suitable for a jet 
coaster or the like, the apparatus is unsuitable as a occupant 
holding apparatus for use in a recreational machine or 
simulator adapted to rotate vertically in the place where it is 
disposed, since it is unable to secure the occupant onto a seat 45 
in the state in which the occupant is held upside down. 

SUMMARY OF THE INVENTION 
Accordingly, an object of the present invention is to 
provide a simulator capable of allowing an occupant to 50 
experience horizontal and vertical somersaults and the like 
and undergo simulated experience of minus G (gravity), and 
which permits unconventionally unlimited rotation. 

To this end, in accordance with one aspect of the 
invention, there is provided a simulator comprising: a sub- 55 
stantially circular outer frame pivotally mounted on a baser 
an outer frame-driving tire which is pressed against an outer 
side of the outer frame by means of a spring disposed on the 
base and is adapted to drive the outer frame; an inner frame 
formed in a maneuvering seat and pivotally supported 60 
between opposing portions of an inner peripheral wall of the 
outer frame; and an inner frame-driving tire which is pressed 
against an inner side of the outer frame by means of a spring 
disposed within the inner frame and is adapted to drive the 
inner frame. 65 

Accordingly, in accordance with the present invention, in 
the case of simulating a role of a pilot of a jet fighter, when 
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a horizontal somersault is shown on the screen of a cathode 
ray tube provided in the inner frame, the inner frame 
constituting the cockpit is rotatively driven by the drive tire 
to allow the occupant to undergo a horizontal somersault. 
When a vertical somersault is shown on the screen of the 
cathode ray tube, the outer frame is rotatively driven by the 
drive tire, with the result that the inner frame constituting the 
cockpit is rotated in the manner of a vertical somersault. 

Another object of the present invention is to provide a 
body holding apparatus for firmly scouring an occupant even 
in a state in which he or she is held upside down. 

To this end, in accordance with another aspect of the 
invention, there is provided an occupant holding apparatus 
for a rotating recreational machine, comprising: a seat belt 
tip holding mechanism disposed at a distal end of an 
occupant holding arm for holding a frontal portion of the 
occupant, said occupant holding arm being vertically open- 
able between a frontal upper side of a seat of said rotating 
recreational machine and a waist portion of the occupant 
with a horizontal axis in the rear of a head portion of said 
seat being set at a rotational axis. Tongues of a pair of seat 
belts for a waist secured to and paid out from transversely 
opposite sides of an underside of said seat are fitted with said 
seat belt tip holding mechanism. 

Furthermore, in this occupant holding apparatus, a pair of 
seat belts for shoulders are secured at one ends thereof to a 
distal end of an occupant holding arm in such a manner that 
said seat belts are spaced apart a distance of the occupants 
shoulders. The seat belts are passed through belt holes 
provided in a back portion of a seat with an interval 
corresponding to the length of the occupant's shoulders. The 
seat belts are passed around an auxiliary shaft occured to a 
rotating shaft of said occupant holding arm and behind a 
back of said seat, said rotating shaft of said occupant holding 
arm being located in the rear of said occupant holding arm. 
The gear belts are held under tension by being connected to 
a belt takeup mechanism disposed on an underside of said 
seat. 

Additionally, in this occupant holding apparatus, the pair 
of seat belts for a waist are secured at one ends thereof to a 
pair of takeup mechanism provided on transversely opposite 
sides of an underside of said seat, said pair of seat belts for 
a waist are paid out from the pair of takeup mechanisms via 
a belt tightening mechanism and passed around transversely 
opposite sides of said seat, and said pair of seat belts for a 
waist are detachably held by said seat belt tip holding 
mechanism. 

Furthermore, in this occupant holding apparatus, a pair of 
turn rollers are provided for the seat belts for shoulders and 
a pair of seat belt direction-converting portions provided on 
opposite sides of said seat, and a pair of belt takeup are 
disposed below said pair of direction-converting portions, 
respectively. A belt tightening mechanism is disposed in a 
substantially intermediate position between said pair of 
direction-converting portions and said pair of takeups, and 
includes a pair of rollers arranged in parallel with each other 
and rotatably supported by a pair of elongated plates at 
opposite ends thereof, said belt tightening mechanism being 
rotatable about the center of each of said elongated plates. 
The pair of seat belts are wound around said pair of rollers, 
respectively. One ends of said pair of elongated plates are 
connected to one end of a seat belt tightening lever by means 
of a coupling mechanism. The tightening mechanism is 
adapted to be rotated by said rotating shaft by an operation 
of said seat belt tightening lever so as to tightenably support 
said seat belts of a waist by increasing the distance between 
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the directioo-converting portions for the seat belts for a support column 103 which together form a pair, and a 

waist and the respective takeups. similarly large drive ring 142 secured orthogonally to the 

As a tongue insertion detecting means for detecting the pi vot ring Ml. 

insertion of a tongue into a retainer for retaining the tongue An arcuate arm 145 for a electric power supply line and 

provided at the tip of the seat belt, a contacting piece is 5 a signal line is secured between a portion of the pivot ring 

provided, and the operation of the contacting piece may be 141 located close to the control box 102 and the drive ring 

detected by a limit switch or a photocoupler. 142. 

Id addition, in the occupant holding apparatus for a A drive tire 105 for driving the outer frame 104 is pressed 

rotating recreational machine, said seat belt tip holding against an outer side of the drive ring 142 by means of a 

mechanism may comprise: a button member having a leg for 10 spring 151 disposed on the base 101. An electric motor 152 

depressing a projecting piece provided on said retainer; and is used to drive the drive tire 105 so as to rotatively drive the 

a movable plate, such as a movable disk or a slidable plate, outer frame 104 about a fixed axis 143. 

having a slot and disposed between said button member and auxmary tire 106 is provided as required, and is used 

said projecting piece. The movable plate is rendered mov- to stabilize the rotation of the outer frame 104. The auxiliary 

able by a driving portion, such as a solenoid coil or a tire 106 is pressed against the outer side of the drive ring 142 

hydraulic or air cylinder, connected to said movable plate. by means of a spring 161 disposed on the base 101. 

The leg of said button member is arranged to be capable of ^ mnef ffame m ^ formed a hoU 

depressing said projecting piece of said re tamer in conjunc- d coc ^ it and ^ ivotall ^ b in * 

tion with the movement of said movable plate so as to port ions of an inner peripheral waU of the drive ringl42 

release said tongue from said retainer. 

rp. . t c . t A drive tire 108 for driving the inner frame 107 is pressed 

Tie occupant holding apparatus for a rotating recreational ^ aQ imel sjde rf ^ ^ m ^ 

machine may further comprise a belt takeup mechanism in ^ (no , shown) ^ ^ tbe ^.er frame 107. An 

which a driving porton is provided I m the rear of said bolt electric v moIor 181 ^ ^ to drive me drive tire 108 M „ 

takeups, and a ratchet pawl of each of said belt takeup is „ P « *■ 1 j • »u • *l *m u . 

L1 , F A , 4 , . ' * F r 25 rotatively drive the inner frame 107 about a moving axis 

made disengageable from a ratchet pawl thereof by means of ^ & 

said driving portion. 

tu *u w ~* * «. i4 - . . An auxiliary tire 109 is provided as required, and is used 

The other objects, features and advantages of the inven- to m / rotation of ^ ^ frame V ^ auxili 

tion will become more apparent from the following detailed dfe 1Q9 h d ^ m ^ ^ q{ ^ J 

description of the invention when read m conjunction with 30 by mean / of a spr ^ g (not provide d in the inner 

the accompanying drawings. fr ^ me m ^ & \ j v 

BRIEF DESCRIPTION OF THE DRAWINGS 11 snould De noted that although the drive tire 108 and the 

electric motor 181 are disposed on an upper side of the inner 

FIG. 1 is a front elevational view illustrating a simulator frame 107, it goes without saying that these members may 

in accordance with an embodiment of the present invention; 35 be disposed on a lower side of the inner frame 107 by 

FIG. 2 is a side elevational view of the same; replacing the drive tire 108 with the auxiliary tire 109. In 

FIG. 3 is a diagram illustrating an initial state of an addition, no particular problem is presented in practical use 

occupant holding apparatus; " cven ^ thc auxiliary tire 109 is omitted. 

FIG. 4 is a diagram illustrating a state in which the 40 Adoor 172 is provided openably in a control box 102 side 

apparatus is being applied to the occupant; peripheral wall of the inner frame 107 which is a hollow, 

Trtj-i e - j 1 *• 1 • r , substantially disk-shaped cockpit. Accommodated in the 

FIG. 5 is a side elevational view of the apparatus; c J 1A - *™ , , r *, u m . 

^„ , . . mner frame 107 are a cathode-ray tube 111, a seat 112, a 

FIG. 6 is a perspective view of a buckle mechanism; body holding ^ U3 for Mfcty> a stick m and thc 

FIG. 7 is an exploded perspective view of the mechanism; like. 

45 

FIG. 8 is a perspective view of a mechanism for tighten- The electric power supply line for the overall apparatus is 

ing seat belts for the waist; and connected to the electric motor 181, the cathode-ray tube 111 

FIG. 9 is a front elevational view of the mechanism. and the like via a rotary connecting device 121 in the control 

box 102, a fixed-axis shaft 144, the arm 145, a moving-axis 

DETAILED DESCRIPTION OF THE 50 shaft 173, a rotary connecting device 174 in the inner frame 

PREFERRED EMBODIMENT 107, and the like. 

r, c . »i_ j . It goes without saying that the signal line for a controller 

Referring now to the accompanying drawings, a descnp- , , 5 i . . 7 7~, TT . * , - . 

tion will be given of a preferred embodiment of a simulator < not s f hown > * uch *f * C f U * kneeled in the same way at 

in accordance with tbe present invention. In FIGS. 1 and 2, *» ^mentioned electric power supply line, 

a base 101 constitutes a support for a simulator, and has a 55 Id me Ration of this embodiment arranged as described 

substantially octagonal configuration formed of a large, abovc > a V^™' LC " 211 occu P aQt > opens the door 172 and is 

thick plate. seated in the seat 112. The occupant then wears the body 

A , ♦ 1 u i<yi u- u 1 holding arm 113, closes the door 172, and presses an 

A columnar control box 102, which also serves as a -n 7 * _*l t, . r . . 

. . e . . /?, ' rv f lU V «m umllustrated start button. Then, an image on the cathode-ray 

bearing * formed uprightly on a periphery of the base 101 „ tobe m ch Fof ^ ^ ^ ^ f ^ > 

box 102 B aCC ° mm0dated m COn,rol of a pUot of a jet fighter, when a horizontal somersault in 

shown on the screen, the inner frame 107, i.e., the cockpit, 

A bearing support column 103 is formed uprightly on a ^ rotat ed by the electric motor 181 and the drive tire 108 as 

peripheral portion of the base 101 in face-to-face relation- s hown by the double-headed arrow in FIG. 2. Meanwhile, 

ship with the control box 102. 65 when a vertical somersault is shown on the screen, the outer 

An outer frame 104 comprises a large pivot ring 141 frame 104 is rotated by the electric motor 152 and the drive 

pivotally supported between the control box 102 and the tire 105 as shown by the double-headed arrow in FIG. 1. As 
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a result, the inner frame 107, i.e., the cockpit, is rotated as 
shown by the double-headed arrow shown in FIG. 1. 

It goes without saying that the relationship between the 
image on the cathode-ray tube 111 and the rotation of the 
inner and outer frames 107, 104 need not be made to 5 
correspond with each other on a one-to-one basis, and that 
an optical illusion of human beings may be made use of. 

Thus, the embodiment arranged as described above offers 
the advantage that the simulator with a very simple arrange- 
ment allows an occupant to experience horizontal and ver- 10 
tical somersaults, undergo a simulated experience of minus 
G, and experience unlimited rotation. 

FIG. 3 illustrates an initial state of an occupant holding 
apparatus 113 for use in the simulator in accordance with the 
present invention. FIG. 4 illustrates a state in which the 
occupant holding apparatus 113 is applied to the occupant. 
The occupant holding apparatus 113 is mounted in a cockpit 
portion of the inner frame 107. 

As shown in FIG. 4, the occupant holding apparatus 113 20 
is arranged as follows. Upper ends of a pair of breast holding 
arms 11, which are curved in an L-shaped configuration as 
viewed from their side and are disposed in a substantially 
V-shaped configuration as viewed from their front, are 
spaced apart a distance substantially corresponding to the 25 
length of the occupant's shoulders and are secured to a shaft 
10 hold in such a manner as to be rotatable about a horizontal 
axis in the rear of the occupant's head in order to hold the 
occupant seated in a bucket-type seat 112. 

A buckle look mechanism 12 is disposed at a lower end 30 
of a triangular portion formed between the pair of breast 
holding arms 11, while a pair of seat belts 13 for holding the 
occupants shoulders are spaced apart a distance substantially 
corresponding to the length of the occupant's shoulders, and 
one ends of the seat belts 13 are secured to an upper portion 35 
of the buckle lock mechanism 12. The pair of breast holding 
arms 11 are thus secured to the shaft 10. The shaft 10 has its 
opposite ends pivotally supported by the inner frame 107, 
i.e., the frame of the cockpit, by means of a pair of bearings 
14, as shown in FIG. 4. The pair of breast holding arms 11 40 
can be pushed upwardly on the front side of the occupant as 
they are rotated about type shaft 10 placed horizontally, as 
shown in FIG. 3. Proximal portions of a pair of fan-shaped 
members 15 are secured to opposite ends of tho shaft 10. 
Each of a pair of tensile springs 16 has one end connected 45 
to an arcuate distal end portion of each fan-shaped member 
15 and the other end to a portion of the cockpit portion 107 
located in the rear of the shaft 10. Hence, when the breast 
holding arms 11 are pushed upwardly to the vicinity of a 
fully open position at an angle substantially orthogonal to a 50 
closed position, the tensile springs 16 urge the breast holding 
arms U in the opening direction, and urge them in the 
closing direction when they are at a position different from 
the aforementioned position. Furthermore, one end of a 
damper spring 17 is connected to a lower end of the arcuate 55 
distal and portion of the left-hand tan-shaped member 15, 
and the other end thereof is connected to the rear of the back 
of the seat 112 of the cockpit portion 107, so that the breast 
holding arms 11 are constantly urged upwardly. Thus, the 
damper spring 17 facilitates the opening and closing opera- 60 
tion of the breast holding arms 11 in cooperation with the 
pair of tensile springs 16. 

An auxiliary shaft 18 which is parallel with the shaft 10 
secured to the side of the shaft 10 which is opposite to the 
side to which the breast holding arms 11 are secured. The 65 
seat belts 13 for shoulders are passed through belt holes 19 
provided in a shoulder portion of the seat 112. 
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The other ends of the seat belts 13, after being passed 
around the auxiliary shaft 18, are accommodated in a 
retractor 20 placed underneath the seat 112. 

Since the auxiliary shaft 18 is secured to the opposite side 
of the breast holding arms 11, the auxiliary shaft 18 remains 
lowered to the vicinity of the belt holes 19 in a fully open 
state 11a (FIG. 3) of the breast holding arms 11, as shown 
in the side elevational view of the occupant holding appa- 
ratus illustrated in FIG. 5. On the other hand, in a closed 
state 116 (FIG. 4) of the breast holding arms 11, the auxiliary 
shaft 18 remains at a position distant from the belt hoist 19 
and the retractor 20. In other words, if the breast holding 
arms 11 are moved from the open state to the closed state, 
the effective length of the seat belts 13 for shoulders is 
increased by a portion of the reciprocating distance of the 
auxiliary shaft 18 when the auxiliary shaft 18 moves 
upwardly with the rotation of the shaft 10. The seat belts 13 
are thus paid out from the retractor 20 and tighten the 
shoulders of the occupant. On the other hand, when the 
breast holding arms 11 are opened from the closed state, the 
seat belts 13 are loosened. 

The buckle lock mechanism 12 is used to render detach- 
able a pair of tongues 22 of seat belts 21 for the waist 
provided on the left and the right of the seat 112, one ends 
of the seat belts 21, i.e., the tongues 22, being engaged with 
the buckle lock mechanism 12 for securing the waist of the 
occupant. The arrangement provided is such that the seat 
belts 21 for the waist can be removed from the buckle lock 
mechanism 12 by pressing a button 23 provided on the 
buckle look mechanism 12. The other ends of the seat belts 

21 for the waist, after being passed through belt holes 24 
provided in opposite side plates of the seat 112, are respec- 
tively accommodated in the retractor 20. After the tongues 

22 of the seat belts 21 for the waist are engaged with the 
buckle lock mechanism 12, the seat belts 21 can be tightened 
by operating a belt tightening lever 25 provided on the 
right-hand side of the seat 112. 

FIG. 6 illustrates a perspective view of the buckle lock 
mechanism, and an exploded perspective view of the mecha- 
nism is shown in FIG. 7. Each seat belt 21 for the waist is 
fixed in a transverse slot 22a of the toogue 22, and a tip of 
the tongue 22 has a smaller width than a rear-end portion 
thereof and is formed into a rectangular configuration, a 
rectangular hole 226 being provided in the tip thereof. 

The buckle lock mechanism 12 is arranged such that 
opposite sides of a mounting base 26 are bent, a pair of 
rectangular tongue insertion holes 27 are respectively pro- 
vided in bent side plates, and a buckle holding mechanism 
28 is provided in each tongue insertion hole 27. 

The buckle holding mechanism 28 is arranged in the same 
way as that of an automobile seat belt, and its cross section 
has a configuration in which legs of a staple are bent 
inwardly. As shown in FIG. 7, each of a pair of retaining 
portions 306 of a projecting retainer 30 is movably held in 
a hole 29a provided in a lower portion of each opposite side 
plate of a holder 29 into which the tip of the tongue 22 is 
inserted. In addition, each of a pair of tongue supporting 
pieces 296 whose height is half the height of the side plate 
of the holder 29 is provided at the farther end of each side 
plate of the holder 29 in such a manner as to project 
inwardly. A stepped projecting portion 50a is provided on a 
central portion of the retainer 30, and the pair of retaining 
portions 306 are provided on transversely opposite base 
portions of the retainer 30, respectively. A leaf spring 31 is 
provided on a central lower portion of the base portion of the 
retainer 30 so as to urge the retainer 30 downwardly, i.e., to 
press the retainer 30 toward the bottom surface of the holder 
29. 
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Accordingly, if the tip of the tongue 22 is inserted into the piece 42 secured to the mounting base, so that the retaining 

holder 29 through the tongue insertion hole 27, the tongue piece 37e does not rotate further counterclockwise, This is 

is slid while being clamped by an upper side 29c of the the position in which the projection 30c of the retainer is 

holder 29 and the retainer 30 until it is placed on the tongue located on the side of the notch 37a which is close to the 

supporting pieces 296, When the tongue 22 is inserted up to 5 notch 376. 

the innermost portion of the holder 29, the stepped portion A pushbutton 44 is located in the center of the disk 37 via 

30a of the retainer 30 is released from the downward a compression spring 43. The pushbutton 44 is arranged 

pressure by means of the rectangular hole 22b of the tongue, such that its upper side is formed into a square column 44a 

and is lifted upwardly by means of the resilient force of the and its lower side into a cylindrical column 446. The 

leaf spring 31. As a result, the stepped portion 30a is latched 1Q diameter of the cylindrical column 44b is of a size which is 

in the rectangular hole 22b of the tongue. within a circle defined by the outer edges of the notches 37a, 

Furthermore, two shafts 32 are embedded in the mounting 376. Two long legs 44c and two short legs 44d penetrating 

base in the vicinity of farther corners of the holders 29, the notches 37a, 37b are provided on the lower side of the 

respectively. A contacting piece 33 transversely elongated cylindrical column 44b. Each of the long legs 44c penetrates 

relative to the longitudinal direction of the tongue 22 is 15 the notch 37b side of the notch 37a down to the vicinity of 

rotatably held by each shaft 32 at a height for coming into the projection 30c of the retainer. The length of each of the 

contact with a shoulder portion of each retainer 30. The other short legs 44d is set in such a manner as to sufficiently enable 

end of each contacting piece 33 is provided with a hole 33a. the long legs 44c, when lowered, to push down the projec- 

A tensile spring 34 is fixed in these holes 33a so as to pull tion 30c of the retainer so as to disengage the tong 22 from 

the contacting pieces 33. A limit switch 35 is provided on the 20 the retainer 30. The long legs 44c and the short legs 44a* are 

side of the end of each contacting piece 33 where the hole provided at positions corresponding to quarters of a 

is provided. Accordingly, when the tongue 22 is not retained circumference, respectively. The short legs 44a* abut against 

by the retainer 30, the contacting piece 33 is placed on the the disk surface clockwise adjacent the notch 37b of the 

shoulder portion of the retainer 30. When the tongue 22 is disk. Accordingly, in this state, even if the pushbutton 44 is 

inserted into the tongue insertion hole 27 and is retained by 25 pushed, the tongue 22 cannot be disengaged from the 

the retainer 30, the contacting piece 33 is pushed by the tip retainer 30. 

of the tongue 22, and moves about the shaft 32. The Since the compression spring 43 is disposed between a 

movement of the contacting piece 33 overcomes the resilient central portion of the disk and an upper interior of the 

force of the tensile spring 34, and turns on the limit switch cylindrical column of the pushbutton, the pushbutton 44 is 

35 provided on the side of the holder 29 where the tongue 30 constantly urged upwardly. A square hole 45a conforming 

22 has been inserted. Although the contacting piece 33 is with the upper square column 44a of the pushbutton is 

disposed between the retainer 30 and the limit switch 35, a provided in a central portion of a guide plate 45 set upright 

contactor of the limit switch may be brought into direct on the mounting base 26. A button guide 46, formed of a 

contact with the shoulder portion of the retainer 30, or the hollow short cylindrical column in conformity with the 

insertion of the tongue 22 may be detected by means of a 35 lower cylindrical column of the pushbutton, is provided 

photocoupler. around the square hole 45a. Thus, the pushbutton is mounted 

A description will now be given of a mechanism for in such a manner as to be slidable vertically without rotating, 

removing the tongue 22 from the retainer 30. A pivot 36 is Here, if both of the tongues 22 are inserted into the 

embedded in an intermediate position between the two holders 29, the tips of the tongues press the respective 

holders 29. A disk 37 whose diameter extends such as to 40 contacting pieces 33, which, in turn, turn on the limit 

span the holders 29 is rotatably mounted on the pivot 36 switches 35. Thus, it is possible to detect that the occupant 

without contacting the holders 29 and the retainers 30. Two has worn the seat belts 21 for the waist, whereupon the 

sets of slots 37a, 37b are provided in the disk 37 in the simulator, or a rotating recreational machine, is ready to start 

circumferential direction thereof so as to be located imme- its operation. 

diately above projections 30c provided on the tips of the 45 when the play is completed and the seat returns to the 

retainers 30, respectively. The slot 37a, located immediately starting position, the solenoid coil 39 is energized. The 

above the projection 30c and mating with the slot 376, is solenoid coil 39 then pulls the connecting member 38 

configured in such a manner as to arcuately extend coun- connected thereto, and the connecting member 38, in turn, 

terclockwise with respect to the projection 30c when the rotates the disk 37 clockwise by overcoming the tensile 

projection 30c is viewed from the disk side. The mating slot 50 sprmg 4\ f mat me disk is offiset clockwise by the portion 

37b is located at a position spaced apart clockwise with 0 f the notch 37b. At this stage, if the pushbutton 44 is 

respect to the position of the projection 30c, and has a width pressed, the long legs 44c are positioned on the opposite 

corresponding to the width of the projection 30c. The other a ides of the notches 37a, respectively, and the short legs 44d 

set of slots are arranged symmetrically about the center of can penetrate the notches 376. Then, the pushbutton 44 is 

the disk with respect to the above-described set of slots. 55 pushed downwardly by overcoming the compression spring 

Supporting shafts 37c, 37d an embedded in tho disk on the 43, and the long legs 44c push down the projections 30c of 

outer side of the slots 37a, and an elongated connecting the retainers. As each of the projections 30c is lowered, the 

member 38 is fixed to the supporting shaft 37c on this side stepped portion 30a is disengaged from the square hole 226 

and is connected to a solenoid coil 39 mounted in the rear of in the tip of the tongue, and the contacting piece 33 acts in 

the mounting base 26. As the solenoid coil 38, a hydrauli- 60 the direction of pushing back the tongue 22 by means of the 

cally or pneumatically operated cylinder may be used pulling-back force of the tensile spring 34, thereby pushing 

instead. In addition, a tensile spring 41 is stretched between out the tongue 22. Accordingly, the contacting piece 33 

the supporting shaft 37a* and a supporting shaft 40 embedded remains positioned on the shoulder portion of the retainer, 

on the right-hand side of the right-hand side limit switch 35, turning off the limit switch 35. Thus, when the pushbutton 

so as to constantly urge the disk 37 counterclockwise. 65 44 is pressed, the lower two long legs 44c of the pushbutton 

A retaining piece 37 e is provided on a peripheral portion 44 push down the projections 30c of the retainers, 

of the rear side of the disk 37 and abuts against a retaining respectively, thereby disengaging the tongues 22. 
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When the tongue 22 is inserted again into the tongue An upper end of a connecting rod 57 is connected via a 

insertion hole 27 so as to be secured by the retainer 30, the rod end 56 to a shaft mounted transversely between opposite 

energization of the solenoid coil 39 is stopped. Then, the side plates of a lower portion of the belt tightening lever 25. 

disk 37 is returned counterclockwise by means of the action a lower end of the connecting rod 57 is fixed via a rod end 

of the tensile spring 41 and is held at a position where the 5 to a ccntra l portion of a mounting shaft 58a disposed at an 

retaining piece 37* on the rear side of the disk and the cnd of a ^ craok 58 . ^ VCTiical motion of thc bch 

retaining piece 42 on the mounting base abut against each tightening lever 25 is transmitted to the bell crank 58. 

other In this state, even if the pushbutton 44 is pressed, it . „ , - 0 • , * „ ™ , * * 

cannot be pressed down, so that the tongue 22 cannot be The bell crank 58 is arranged as follows: Iwo plates both 

removed. This measure is adopted because it is very dan- sha P«l mto a rectangular equilateral triangle are arranged in 

gerous to remove the tongue 22 by pressing the pushbutton 10 P^el ^ cach otner ™ such a manner as to be rotatable 

44 during the operation of this rotating recreational machine. about a rotating shaft SSb which is secured in their right- 

Although the rotating disk 37 is used in this embodiment, ^S 1 ^ Portions and is pivotally supported in side plates of 

it is possible to adopt the following arrangement: Instead of a bracket 59. A pair of horizontal rods 61 are respectively 

the rotating disk 37, a rectangular plate of a size which spans mounted via rod ends 60 on opposite ends of a mounting 

the holders 29 is provided with notches each located imme- 15 shaft 58c penetrating the vicinity of an upper apex of the bell 

diately above the projection 30c of the tongue. The rectan- crank 58. The horizontal rods 61 at the other ends are 

gular plate is mounted slidably in the transverse direction secured to the belt tightening mechanism 62. 

relative to the longitudinal direction of the buckle 22. The The belt tightening mechanism 62 is located below the 

rectangular plate is connected at its one end to the solenoid ^ m> md a pair of retractors 64 of ELR (emergency 

coil 39 and the other end of the rectangular plate is urged by 20 looki retractor) seat belts are provided transversely sym- 

a tensile spring. TTie arrangement provided is such that the metricall on tbe left „ ^ riband side s of a rectangular 

ong lep of *e pushbutton can be engaged at the notches of ^ base 63 ^ retractof ^ fc * 

the rectangular plate. A . - . , - . - . r . 

* • • . , , , seat belt onto it by means of a spiral spring 64b disposed on 

When the occupant is seated in the seat 112, the breast . r .. , , c. <■ * ; • c [ 

. ' " ~ t." 7\ , f ' 0 . , an outer side of a takeup shaft 64a. A pair of ratchet gears 

holding arms 11 are lowered to lit his or her body. Simul- 25 *a »• i , . r . r . . r 

taneoufly with this operation, the seat belts 13 for shoulders T*™^ ^ K P T °^ I I* 

are paid out over his or her shoulders via the belt holes 19 sl ! aft 64a u **™ rly A ° f a pair ° f , bra f *** p ' 0Vlded u fof * e 

provided in the back of the seat, and reach the occupant's * haft L 64 * A transversely elongated member 64e 

breast. As the breast holding arms 11 are lowered, the Provided with a ratchet pawl 64d for meshing with the 

auxiliary shaft 18 is raised upwardly, thereby tightening the 30 ratchet gear 64c extends between the brackets. One end of 

seat belts 13, for shoulders. Furthermore, the occupant pulls ^ ratchet P awI 6 ^ projects outwardly of the bracket, so 

the seat belts 21 for the waist and cause them to be locked that the ratchet pawl 64d can engage or disengage with the 

by the buckle lock mechanism 12. The occupant then pulls ratchet gear 64c. 

up the belt tightening lever 25 provided on his or her A mm roller 65 is provided outside a seat belt takeup port 

right-hand side of the seat so as to tighten the seat belts 21 35 64f of the retractor 64. A rectangular member 66 with one 

until they fit his or her waist. corner cut off is mounted on the transversely elongated 

FIG. 8 illustrates a perspective view of a mechanism for member 64e projecting from one side of the retractor 64. A 

tightening seat belts for the waist, and FIG. 9 illustrates a tensile spring 68 is stretched between one end of the 

front clevational view of essential portions of the mecha- rectangular member 66 and a support member 67 mounted 

nism. 40 on the mounting base at a position close to the seat belt 

The belt tightening lever 25 is similar to a lever employed takeup port 64/ of the retractor. A solenoid coil 69 is secured 

for a side brake of an ordinary automobile. to me mounting base 63 on the opposite side of the support 

Specifically, a piston rod 49 is provided in a cylinder 48 member 67 with the rectangular member 66 placed therebe- 

of a grip 47 in such a manner as to be slidable in the tween - ^ solenoid coil 69 is connected to an upper end of 

longitudinal direction. A lever releasing button 50 is 45 mc rectangular member 66 by means of a connecting 

attached to a distal end of the piston rod 49. A compression member 70. When the solenoid coil 69 is energized, the 

spring 51 is provided between the cylinder 49 of the piston connecting member 70 is pulled to incline the transversely 

rod 49 and the lever releasing button 50. The piston rod 49 elongated member 64e via the rectangular member 66, 

abuts against a ratchet pawl 52, which is mounted on a shaft thereby disengaging the ratchet pawl 644 from the ratchet 

52a and abuts against a ratchet gear 53 by being urged by a 50 § ear 64c ' il fe P<**k t0 release the takeup shaft 64a 

tensile spring S2b. The belt tightening lever itself is urged and P uU out the seat belt freely by overcoming the spiral 

downwardly by a helical spring 55 wound around a gear SP™* 646 - When me energization of the solenoid coil 69 is 

shaft 54. Since the ratchet gear 53 is retained by the ratchet stopped, the rectangular member 66 is inclined toward the 

pawl 52, the belt tightening lever 25 is prevented from being support member 67 by the tensile force of the tensile spring 

lowered in this state. 55 ^» which in turn causes the ratchet pawl 64d to engage with 

Upon pressing the lever releasing button 50, the piston rod mc "^hct gear 64c, thereby stopping the paying out of the 

49 is pushed, which in turn pushes the ratchet pawl 52, so seat . belt 1 fr ° m the f? ft A hydraulic or pneu- 

that the pawl is disengaged from the ratchet gear 53, thereby maUc ^ hadu ^ * of the CGl1 69 ' 

making it possible to lower the belt tightening lever 25. If The above-described takeup mechanism corresponds to 

tho occupant releases his or her finger from the lever 60 mc scat belt 21 for the waist provided on the left-hand side 

releasing button 50, the lever releasing button 50 returns to m FIG. 8, and an identical takeup mechanism corresponding 

its original position by means of the resilient force of the to the seat belt 21 for the waist provided on the right-hand 

compression spring 51. As a result, the piston rod 49 is side is provided on the right-hand side of the mechanism, 

pulled back, and the ratchet pawl 52 is engaged with the Another takeup mechanism, which is identical with the 

ratchet gear 53 by means of the resilient force of the tensile 65 one described above and comprises the retractor 64, the 

spring 52b, thereby holding the belt tightening lever 25 in support member 67, the solenoid coil 69, and the like, is 

that position. provided underneath the central portion of the underside of 
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Ihe seat, as shown in FIG. 5. The seat belts for shoulders, causes the rollers mounted on the tightening mechanism to 
after being passed through the belt holes 19, are connected move counterclockwise, as shown in a front elevational 
to this takeup mechanism. view of the coat belt tightening mechanism in FIG. 9. Hence, 
A bracket 71 whose transverse sides are made open is ft » P 0 ^ 1 * t0 increase the distance of the seat belt between 
mounted on a central portion of the mounting base, and a 5 *?. turn ro " ei .P rov ' d ^ ° n "}e counting base and the turn 
square opening 72 is provided in "a central portion to an »lfcr provided bythe Bide of the seat. The seat belts for the 
upper plate of the bracket 71. A bumper member 73 is ^^V^ ^ I i 
secured to the right-hand side of the square opening 72. The „. Whcn the ^P 3 ? ete * th f above-desenbed opera- 
tightening mechanism is arranged such that two roUeis 75a, *° n ,? P resse * a T bu ' ton <P* . shown ) . for sUat ™* the 
_f, , P , t 4 . „ . & . A , c m rotating recreational machine, driving portions such as a 
15b having substantially the same size as the aforemen- 10 ^ of ^ ^ ^ ^ ^ S m ^ hanism ^ resetj 

boned turn roUer 65 are arranged parallel with each other me rectailgular member which has me ratchet , 

and are rotatably supported by two elongated plates 76 at of each c ^ ^ {Q ^ ^ 

their opposite ends Each of a pair of support shaft 76a » fatchct b ^ q{ ^ ^ ^spring. As 

provided on a central portion of ^ the outer side of each a ^ ^ ^ ^ tQ ^ ^ ratcbctgcar 

elongated plate 76 in paralkl with the rollers 75a, 75* One « ^ ^ ^ ^ ^ ^ ^ 

roller 75* projects upwardly from the square opening 72 itioQ , n ^ me driving J such „ the ^ 

provided in the upper plate of the bracket, and a support noid ^ afld (he ^ of ^ buckle lock mechanisffi „ ^ 

shaft of the roller 75a is connected at its opposite ends to re ^ ^ moyable lale ^ me ^ fe remrned m 

horizontal rods 61 via rod ends 77 disposed outside the ^ he direction * meaQs of ^ actioQ Qf a tensile 

upper ends of the elongated plates 76. 20 ^ ^ makes * impossible tQ press down ^ 

The seat belt 21 for the waist disposed on the right-hand pushbutton, thereby making it impossible to remove the 

side of the occupant (the left-hand coat belt 21 in FIG. 8) is tongues. 

paid out from the left-hand retractor 64, as viewed in the Accordingly, when the occupant is seated in the seat and 

drawing, and is passed around the turn roller 65, the lower causes me breast ^ to abut ainst his or her 

roller 756 of the tightening mechanism 74, and the turn bod y r his or her wei ht can be ^ rted b ^ breast 

roller 78 located on the nght-hand side of the seat belt holding arm cven tf tho ^ moves vcrticaUy . Irj Edition, it 

tightening lever 25 as viewed m the Rawing This seat belt ^ possible t0 prcvcnt mc o^ig body ^ movi 

21 is then passed through the belt hole 24 and is sewn onto upward i y by means of the seat belts for shoulders, and fix the 

the tongue 22. Similarly, the seat belt 21 for the waist occupant's waist to the seat by means of the left and right 

disposed on the left-hand side of the occupant (the right- ^ bel|s for ^ waist> thereb preventing the occupant's 

hand aide seat belt 21 in FIG. 8) is paid out from the body from being moving from the seat. Furthermore, the 

nght-hand retractor 64, as viewed in the drawing, and is buckle lock mechanism ensures that, after the seat belts for 

passed around the turn roller 65, the upper roller 75a of the me waist m wora> ^ occupant him- or herself cannot 

tightening mechanism 74, and the turn roller 78 shown at remove me mt ^ until ^ fe mereby 

uppernghtinFIG.8.Thisseatbelt21isthenpassedthrough maintaining safety, 

the belt hole 24 and is sewn onto the tongue 22. What ^ claimed ^ 

Although in the above-described embodiment the opera- 1. In a simulator game machine having an occupant 

tion of tho neat belt tightening lever is transmitted to the belt holding apparatus and means for providing images to the 

tightening mechanism via the bell crank, it is apparent that ^ occupant, the improvement comprising: 

the operation of the sabt belt tightening lever may be a scat member positioned to enable the occupant to see the 

transmitted to the seat belt tightening mechanism by adopt- images* 

ing a clad wire used in a brake for a bicycle and the like. means fo ; moving me ^ membcr in coordination ^ 

In operation, after the occupant or the player is seated in the images; and 

a cockpit portion of the rotating recreational machine, he or 45 mea ns for securing the occupant to the seat member 

she lowers the breast holding arms ad fits them to his or her including: 

body. At that time, the seat belts for shoulders are applied to a rotating breast holding arm member that rotates to a 

his or her breast by being paid out behind the back of the nrst pos ition across the front of the occupant for 

seat, around the auxiliary shaft, through the belt holes retention and rotates away from the occupant to a 

provided in the back of the seat, and around the occupant's 50 second position for release of the occupant; 

back. As the breast holding arms are lowered, the auxiliary a lock mechanism positioned on the breast holding arm 

shaft is raised upwardly, which causes the seat belts for member; 

shoulders to be paid out from the retractor provided on the a pair 0 f ' Mt bells> 0 ne on either side of the seat 

underside of the seat, and a pulling force of a fixed strength member, the seat belts being configured for remov- 

by means of the resilient force of the spiral spring of the 55 ab i e retention to the lock mechanism when the breast 

retractor is applied to the seat belts for shoulders. Hence, the holding arm member is in the first position; and 

occupant is capable of wearing the seat belts for shoulders mca ns for locking the seat belts to prevent the occupant 

in conformity with his or her shoulders and without free play f Iom basing the seat belts during activation of the 

around his or her shoulders. means f or mov ing. 

When the position of the breast holding arms is 60 2. A simulator game machine as in claim 1 further 

determined, the left and right seat belts for the waist are including a pair of shoulder seat belts attached to the rotating 

pulled and are locked by the buckle lock mechanism. Then, breast holding arm member for engaging shoulders of the 

if the belt tightening lever provided on a side of the seat is occupant when the rotating breast holding arm member is in 

pulled upwardly, the connecting rod connected to the belt the first position and means for adjusting the shoulder seat 

tightening lever pulls up the bell crank counterclockwise. 65 belts to securely engage the occupant's shoulders. 

The two horizontal rods connected to the bell crank rotate 3. A simulator game machine as in claim 2 wherein the 

the tightening mechanism counterclockwise, which in turn means for adjusting the shoulder seat belts includes an 
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auxiliary shaft member that is mounted on the rotating breast 
holding arm member and moves the shoulder seat belts from 
a secure engagement of the shoulders in the first position to 
a disengagement of the shoulders in the second position. 

4. A simulator game machine as in claim 1 including 5 
means for biasing the breast holding arm member to one of 
the first position and the second position as it rotates 
between these positions. 

5. A simulator game machine as in claim 4 wherein the 
means for biasing includes an overcenter mounted spring 10 
member that is connected to the breast holding arm member. 

6. A simulator game machine as in claim 1 further 
including a manual lever and means for tightening the seat 
belts when the manual lever is moved by the occupant. 

7. A simulator game machine as in claim 1 further is 
including a manual button member mounted on the lock 



,808 

14 

mechanism for releasing the seat belts, wherein the means 
for locking includes a solenoid member and a disk member 
that is moved by the solenoid member to engage or disen- 
gage the operation of the button member whereby the 
occupant cannot release the seat belts during activation of 
the means for moving. 

8. A simulator game machine as in claim 1 further 
including means for detecting the insertion of the seat belts 
in the lock mechanism to thereby enable the means for 
locking. 

9. A simulator game machine as in claim 1 wherein the 
rotating breast holding arm member is pivotally mounted 
above and behind the seat member to rotate over the 
occupant. 
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This invention relates to an amusement and 
training device for children, and more particu- 
larly to a device for training a small child to uti- 
lize a commode. 

A primary object of this invention is the pro- 
vision of a device adapted for the amusement and 
entertainment of a small child while seated upon 
a commode for the performance of natural func- 
tions, thus lessening the tedium of waiting and 
holding the child's interest until such functions 
have been performed. 

An additional object of the invention is the 
provision of such a device characterized by mo- 
bility, whereby the normal bodily motion of a 
small child while seated upon a commode is 
translated into motion of the apparatus, to the 
edification of the child, thus holding his interest. 

As conducive to a clearer understanding of this 
invention, it may here be pointed put that in 
training a small child to utilize the commode, 
the child, when seated thereon, frequently be- 
comes restless, and by bodily movement not in- 
frequently upsets the device, or falls, or creates 
other difficulties. An object of this invention, 
therefore, is the provision of a device whereby, 
when the child is compelled to remain in such a 
situation for a relatively long period of time, such 
bodily motion may be accommodated without 
harmful consequences/ and further, by imparta- 
tion of movement to the device win amuse and 
hold the interest of the child. 

A still further object of the invention is the 
provision of such a device which will be sturdy 
and durable in construction, reliable and efficient 
in operation, and relatively simple, to construct, 
empty and clean. 

. Other objects will in part be obvious and in 
part be pointed out as the . description of the. 
invention proceeds, and shown in the accompany- 
ing drawings, wherein there is disclosed a pre- 
ferred, embodiment of this inventive concept. 
In the drawings: 

Figure 1 is a side elevational view of one form 
of the device embodying this inventive concept, 
certain concealed portions thereof being indicated 
in dotted lines. . 

Figure 2 is a top plan view of. the device dis- 
closed in Figure 1. 

Rgure.3 is a side view partially in section and 
partially in elevation of the device disclosed in ' 
Figure!. 

Figure 4 is a sectional view taken substantially 
along the line 4t-4 of Figure 3. 
Figure 5 is an enlarged fragmentary sectional 



view of a modified form of a constructional de- 
tail 

Similar reference characters refer to similar 
parts throughout, the several views of the draw- 
: 5 ings. 

Having reference now to the drawings, the de- 
vice is comprised of a base 10, provided with a 
centrally positioned fixed supporting post 1 1 , and 
having spaced parallel guide rails 12, as best 

10 shown in Figure 4, providing guide channels for 
rollers (3 rotatably mounted at the extremities 
of legs 14 of a body portion 15, which may be 
in simulation of a horse, or any other desired 
animal, or the like. As best shown in Figure 3, 

.15 the body portion 16 is hollow and provided with 
a' Central recess 16, and an elongated slot II in 
the lower portion thereof, through which the 
supporting post II extends, in such manner, that 
linear or longitudinal movement of the body wlth- 

20 in the channels (2. is permitted with respect to 
the post I I, such motion being accomplished in 
a mariner to be more fully described hereinafter. 

The forward extremity of the body portion 15 
is provided with a slotted aperture 18, within 

25 which is pivotally mounted, as on a pivot 19, a 
portion 20 in simulation of a horse's head and 
neck. 

Tiie portion 20 is provided with relatively rigid 
rods 21 terminating in a handle portion 22, and 

30 secured, as at 23, to the bridle 24 of the horse, 
the arrangement being such that pressure exerted 
oh the handle 22 results in pivotal movement of 
the head portion 20 about the pivot 19. 
The lower portion of the member 20 is pivoted, 

35 as on a pivot 25, below the pivot 19 to a link 25, 
the opposite end of which is pivoted, as on a 
pivot 27* to the upper extremity of the post- 1 L 
Thus, it will be seen that pressure on the handle 
22 Imparting motion about the pivot point 19 to 

40 the member 20 results through the linkage above 
described in linear movement of the body 1 5 with- 
in the guldeways 12. 

In the portion of the body normally occupied 
by a saddle, there is provided an aperture of 

45 circular or oval or other desired shape, within 
which is adapted to be positioned a commode 
30 provided with a flange or rim 3 1 for support- 
ing the same in the aperture, and having a han- 
dle 32 formed In simulation of a saddle horn. A 

60 back 33 may be provided affixed to the body to 
afford a. rest for the child positioned on the ani- 
mal, and straps 34 may also be provided for se- 
curing the child against an accidental fall. If 
desired, stirrups 35 may also be provided (see 

« Fig. i). 
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If desired, the aperture may be closed by a 
suitable cover (not shown) in order that the de- 
vice may be used as a toy alone. 

Prom the foregoing the operation of the device 
should be readily apparent When it is desired 
to have the child attend to a call of nature, he 
is positioned upon the commode 30 as though 
astride a horse, or other animal, and secured In 
position, as by means of the straps 34. Obviously, 



said body, and a handle connected to the oppo- 
site ends of said rods and disposed adjacent said 
seat, 

2. A movable support comprising a hollow body 
simulating an animal body, a base, guldeways on 
said base, wheels on said body supporting said 
body on said guideways for movement relative 
to said base, and means for moving said body 
relative to said base comprising an animal head 



if the child grasps the handle 22 and pushes or io simulating member pivotally mounted on said 



pulls thereupon, the head portion 20 will be 
caused to move about the pivot 19, thus result-, 
ing in a reciprocatory movement of the body .15, 
to the edification and amusement of the child. 



body, a post extending from said base into said 
hollow body, means connecting said head mem- 
ber to the upper end of said post, and occupant- 
operated means connected to said head member 



and in such manner as to hold his interest for the 15 for imparting pivotal movement to the latter 



requisite period of time. 

A modified form of construction is disclosed in 
Figure 5, wherein there is disclosed a body IB' 
provided with a slot 18', into which extends the 



relative to said body. 

3. A movable support comprising a hollow body 
simulating an animal body, a base, guideways 
on said base, wheels on said body supporting said 



extremity of a head portion 20' pivoted, as on a 20 body on said guideways for movement relative 
pivot 19'. A post II' extends upwardly into. the to said base, and means for moving said body 
body portion through a suitable slot 17'. relative to said base comprising an animal head 

In this modification, however, the post I T is simulating member pivotally mounted on said 
provided with an extending portion 40 which ex- body, a post extending from said base into said 
tends forwardly into the slot 18' and is provided 25 hollow body, means connecting said head member 
on its upper surface with a rack a I comprised to the upper end of said post, and occupant- 
of a plurality of teeth. The lower portion of operated means connected to said head member 
the member 20' is arcuate in configuration, and for imparting pivotal movement to the latter 
is provided with a toothed segment 42 adapted relative to said body, said means connecting said 
to engage with the rack 41. Obviously, in this 30 head member to said post comprising a link 
modification, movement of the portion 20' in pivotally connected at one end to said head mem- 
either direction will, through engagement with per at a location spaced from the pivotal con- 
the rack, cause a movement of the body portion nection between said head member and said body, 
15' similar to that previously discussed in the and a pivotal connection between the opposite 
foregoing modification. 133 end of said link and said post. 



From the foregoing it will now be seen that 
there is herein provided a device accomplishing 
all the objects of this invention, and others, in- 
cluding many advantages of great practical util- 
ity and commercial importance. 

As many embodiments may be made of this in- 
ventive concept, and as many modifications may 
be made in the embodiment hereinbefore shown 
and described, it is to be understood that all mat- 



4. A movable support comprising a hollow body 
simulating an animal body, a base, guideways on 
said base, wheels on said body supporting said 
body on said guideways for movement relative to 
40 said base, and means for moving said body rela- 
tive to said base comprising an animal head 
simulating member pivotally mounted on said 
body, a post extending from said base into said 



hollow body, means connecting said head mem- 

ter herein is to be Interpreted merely as illus- 45 ber to the upper end of said post, and occupant- 

trative and not in a limiting sense. operated means connected to said head member 

I claim: for imparting pivotal movement to the latter 

1. A movable support comprising a hollow body relative to said body, said means connecting said 

having an elongated recess in one end, and an head member to said post comprising a gear 

elongated recess in the lower side thereof, means 50 sector on said head member adjacent the pivotal 



on said body providing a seat and a seat back, 
and four supporting legs depending from said 
body, a supporting base beneath said legs, re- 
spective guideways on said base for the lower ends 
of said legs, a post secured to said base and ex- 
tending upwardly through said recess in the lower 
side of said body, a movable member having 
one end portion extending through said recess 
in one end of said body, a pivotal connection be- 
tween said movable member and said body, a 
link pivotally connected at one end to the upper 
end of said post and at its opposite end to said 
movable member at a location spaced from said 
pivotal connection whereby movement of said 
member about said pivotal connection imparts 
translatory movement of said body and legs rel- 0 
ative to said base, a pair of rods pivotally con- 
nected at corresponding ends to said movable 
member at a location spaced from said pivotal 
connection between said movable member and^ 



55 



oo 



connection between said head member and said 
body, and a rack on said post having teeth in 
mesh with the teeth of said gear sector. 

KARL E. DUNBAR. 
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[57] ABSTRACT 

A realistic roller coaster simulator is disclosed having one or 
more passenger seats equipped with a safety harness and 
mounted for 360 degree rotational movement along at least 
two axes for simulating the motion of a roller coaster. A 
controller is provided for controlling and coordinating the 
motion of the simulator with a simulation controller which 
generates to the passenger synchronized audio and visual 
effects which would be experienced by a passenger on a 
roller coaster of a predetermined design. Linked to the 
simulator is a design station where a passenger can design 
his or her own roller coaster. Upon entering the simulator 
station, the passenger's design can be accessed from 
memory and selected for simulation on the simulator 
vehicle. Upon initiation of the simulation, the passenger can 
experience in real time the visual, motive, audible and other 
effects (such as wind, heat, cold, water, etc.) of the simulated 
roller coaster ride which the passenger has designed. 

39 Claims, 11 Drawing Sheets 
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ROLLER COASTER SIMULATOR build a "rodent-coaster" track, and then use a computer 

monitor to see what it would be like to traverse the track 
HELD OF THE IIWENTION fr om tne view point of a gerbil moV ujg ^ 0Dg the 

The present invention relates to the field of amusement Similarly, Walt Disney Computer Software, Inc. has pub- 
rides; more particularly, the present invention relates to ride 5 hshed a computer program called "Coaster," which allows a 
simulators. programmer to design a coaster within certain design 

parameters, and then use a computer monitor to see what it 

BACKGROUND OF THE INVENTION wou ld be like to ride the coaster. These approaches, while 

Traditional roller coasters achieve thrill by using low interesting from a design perspective, suffer from a lack of 

speed lift hills, steep drops, 360 degree loops, and high- 10 t ^ T ^ s - Seeing a moving image on a computer screen is 

speed turns. In an effort to attract enthusiasts, theme parks simply not as exciting an experience as seeing, hearing and 

invest significant sums for newer and more thrilling roller feeling the ride in real time. 

coasters which add additional and different effects. Accordingly, the need exists for an amusement ride which 

However, traditional roller coasters are inefficient. Tall lift accurately simulates the visual, audible, and physical effects 

hills and the length of track required for high speed runout 15 °f a roller coaster, and which provides for much greater 

disrupt the aesthetics of a themed environment and consume variation in the ride which can be taken to increase the 

valuable real estate. popularity and useage of the ride. 

Furthermore, in the event of a failure or malfunction of SUMMARY OF THE INVENTION 

equipment, mere is an element of danger to passengers F . A . . 

traveling at the speeds and from the heights normally 20 l ° ?"* ^bodunent, the present mvenUon provides a 

encountered in conventional roller coasters. Finally, since r °" er ^ ^ 0ne ° r more jf 

the coaster vehicles typically traverse the same track time ^r seats eqmpped w,m a safety harness and mounted for 

after time, riders quickly become bored with a particular T ™ f n S , T ^° ^^hng 

r the motion 01 a roller coaster. A motion controller is pro- 

' . -c e „ . 25 vided for controlling and coordinating the motion of the 

The significant cost of roller coasters in terms of equip- passenger seat with a simulation controller which coordi- 

ment and real estate, has only recently been addressed by nates me simulation of real time virtual realit t audio 

smrn ators which are capable of generating roller coaster and visual effects which would ^ expe rienced by a passen- 

effects in an amusement ride which takes up very little ger on a roller coaster of a predetermined design. A selection 

space Such simulators are typically much safer than tradi- 30 controller communicates with a computer storage means 

honal roller coasters, since the passengers are never more which stores data rdatin t0 a luralit of pre determined 

, , fl °°" K° f eX T Pk> U u S * 1 PaL ^ roller designs. On inputting acceptable user iofor- 

5^647 and 5,388,991 describe simulator vehicles which mation (such „ f^ ovm ^J for Dilling P ^ 

can be used to simulate a roller coaster nde /These conven- individuaI identification information), the passenger is 

uonal simulators however, do not have a sufficient range of 35 offered a choicc of roUcr co aster designs for a simulated ride. 

motion, or simply do not impart an authentic feeling of ^ passenger ^be* a specific design, which is transferred 

riding a roller coaster. to tQe a mu i ation controller. The passenger is secured in the 

Moreover, conventional simulators are as likely as con- passenger seat. Upon initiation of the simulation, the pas- 

ventional roller coasters to become boring because the senger experiences in real time the visual, motive, audible, 

w ride" taken by the rider is repetitive. w an d other effects (e.g., heat, wind, etc.) of a real roller 

There are also conventional computer programs which coaster ride, 

allow a user to design, on a computer, a traversable track. In In yet another embodiment, the present invention includes 

1983, Walt Disney Imagineering (the WED Enterprises) a design station operably linked to the roller coaster simu- 

provided to EPCOT in Orlando, Fla., a branching videodisc lator which enables a user to design his or her own roller 

based interactive attraction called "Design a Coaster." The 45 coaster, and then ride it. In this embodiment, the user 

design was started with a slight drop sequence. Guests, using employs a design station having an input means and a 

a touchscreen, would select subsequent individual track display means to design a roller coaster. Upon inputting 

segments from a menu. The selections would be linked acceptable user information (for example, for billing and/or 

together to form a complete roller coaster track. Some identification), the design station will first offer the user a 

segment selections would be disallowed, for example a loop 50 choice of terrain from predetermined landscape images, 

or a corkscrew segment was not valid as the first selection Once the terrain has been chosen, the user is given the choice 

because there was not sufBcient speed developed. An addi- 0 f a plurality of roller coaster segments which can be linked 

tional drop was required first. Once selected, a segment was together around the chosen terrain to form a complete roller 

removed from the pool of potential selections (e.g., the guest coaster. The design station contains data representing the 

could only have one corkscrew or one loop in the completed 55 three dimensional size and shape of each landscape image 

track). Once about five selections had been made, the track and roller coaster segment, and predetermined rules for 

was completed automatically and the attraction would play determining if any selected roller coaster segment can be 

a video of a ride on that track. Every possible sequence placed at a selected position on said landscape image and/or 

beginning with the initial segment was pre-recorded on the joined to a free end of an already placed roller coaster 

videodisc. There was a video sequence for the addition and eo segment. Once the design is completed, a real time, virtual 

evaluation (e.g., valid vs. invalid) of each segment remain- moving image of a ride on the designed roller coaster can be 

ing to be added to each legal string of segments. With all created and displayed to enable the user to determine if the 

restrictions, the game would actually support only a very design is acceptable. If acceptable, the design station can be 

few completed tracks (i.e., two), so there were few possible directed by the user or by programmed instructions to 

ride sequences recorded on the disc. 65 automatically save the completed roller coaster design for 

In 1995, Apple Computer, Inc. published a computer later retrieval. If the design is not acceptable, the user can 

program called "Gerbils!" which allows a programmer to change the design by deleting and replacing unsatisfactory 
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segments and/or by changing the level of thrill. A saved scape image and roller coaster segment, and predetermined 

design can be associated with the designer's unique identi- rules for determining if a first roller coaster segment can be 

fying user information, to enable its retrieval for simulation placed at a selected position on said landscape image to start 

in a roller coaster simulator of the present invention. a roller coaster design, and if subsequent roller coaster 

Other and further objects, features, advantages and 5 segments selected by a guest can be joined to a free end of 

embodiments of the present invention will become apparent f P' aced roller m9M l "S* 6 * at . a ***** ^ oslilon 00 

to one skilled in the art from reading the Detailed Descrip- lands ? a P c ^ ^ ? ^er c ^can be 

tion of the Invention together with L drawings. f * d ™ memory H 0r ' d *™ at ^ y c ™ 

& ^ be stored in memory associated with each design station 12. 

BRIEF DESCRIPTION OF THE DRAWINGS to The memorv device 14 caD also be used for storing a 

program for creating a virtual reality type moving image of 

FIG. 1 is a logic diagram illustrating the primary com- a virtual ride on a stored roller coaster design, or data 

ponents of a preferred embodiment of the present invention; relating to a virtual reality type moving image which was 

FIG. 2 is a preferred touchscreen layout of the present previously created. Alternatively, the roller coaster data 

invention; 15 could be recorded on a data card carried by the guest. 

FIG. 3 is a diagram illustrating the preferred design Associated with the design station is one or more user 

components of the present invention; ^P 11 * devices. For example, for commercial use in a theme 

FIG. 4A is a side view of a simulator of the present park setting an input device, such as a reader 18, can be used 

invention; to obtam identifying information from a guest. Reader 18 

no at> • u i • c * , c on could be a magnetic card reader (used, for example, in 

FIG. 4B is a back view of a simulator of the present -T" j j . A ,/ 

x, » a uown. * suujmaLui ui pic^m conjunction with an encoded magnetic data card) or an 

invention, optical scanner (used, for example, in conjunction with a 

FIG. 5 is a cross-sectional side view of a simulator card encoded with a bar code). In addition, reader 18 could 

passenger compartment of the present invention; also include a radio frequency identification receiver, or 

FIG. 6 is a cross-sectional top view of an alternate 25 biometric reader. Reader 18 could be provided at each 

simulator passenger compartment of the present invention; design station 12, or alternatively could be provided to 

FIG. 7 is a functional block diagram showing a preferred control entry to the design area 10 and linked directly to a 

electronic system for a design workstation of the present central park controller. For theme park use, for example, a 

invention; guest could obtain a data card with unique identifying data 

FIG. 8 is a functional block diagram showing a preferred 30 *>* entrv *> a **** P«k by paying a requisite entry fee. 

electronic system for an operator's console for controlling a Alternatively the guest could pay a sum of money and 

simulator station of the present invention; receive a credit on a debit card. The guest could then swipe 

no n - c 1 i_t _i j- »_• c.. nis card through a card reader to identify herself or himself 

HO. 9 * a fonctional block diagram showing; a preferred ^ ^ ^ ^ Qr ^ yia 

electronic system for creating the real-time virtual reality , networl f which m}M ^ £ etermi J tf ^ t fc 

in^enS 0 authorized to use the design station (i.e., meeis entry 

_ * . . , requirements, has paid the appropriate entry fee etc.). Where 

FIG. 10 is a functional block diagram showing a preferred a dcbit card systcm ^ ^ the park mmvata (not 

electronic system for a simulator vehicle of the present shown ) or ^ design station u reduce mc amount 

mvention; and, remaining on the card by the fee charged for this activity. 

FIG. 11 is a functional block diagram showing a preferred Assuming all requirements are met, the guest is then able to 

electronic system for a user input device for selecting a roller use a single design station 12 to create and, if desired, save, 

coaster design to be simulated. a new roller coaster design, or edit a stored roller coaster 

design. 

INVENTION'^ ~* 45 As shown in FIG. 7, design station 12 preferably includes 

a speaker 21 and a touchscreen 20. Alternatively, a conven- 
As shown in FIG. 1, the present invention includes two tional computer monitor could be used in lieu of a touch- 
primary components: one or more design stations 12 for screen in combination with a keyboard, mouse, light pen, 
designing a roller coaster, and a simulator station 100 for and/or a voice activated input system, 
simulating a ride on a stored roller coaster design. 50 Apreferred touchscreen layout is shown in FIG. 2. In this 
Design Station layout, the central portion of the screen displays a landscape 
As shown in FIGS. 1 and 3, a Design Area 10 can be 22 with terrain features on which the roller coaster is to be 
provided which includes one or more design stations 12, and built. A variety of different landscapes and terrains can be 
a storage device 14. Hie design stations 1 2 are preferably produced and stored for selection by guests, and themed for 
desktop computers provided with touchscreens which are 55 use in a theme park setting. Thus, it would be possible to 
capable of generating 3D graphics, image processing, and theme the landscapes in very different ways (futuristic city, 
real time video processing. The 02™ line of workstations desert, grand canyon, Washington monuments, tropical 
from Silicon Graphics, Inc., which are based on MIPS island, jungle, moon, planet rings, volcanic mountain, 
R5000 CPUs and offer unified memory architecture, are underwater world, ice world, wild west, Never Never Land, 
most preferred. Each design station 12 is electronically 60 etc .) as well as vary them by time (grand canyon during time 
coupled preferably via a network as shown in FIG. 7 to a of the dinosaurs; Paris at the time of Napoleon; Ancient 
computer memory or storage device 14 which can be used Rome of the Caesars; ice age landscape, etc.) 
to store completed roller coaster designs. A variety of Once a landscape 22 has been selected, the guest may then 
pre -determined landscape images and roller coaster seg- choose the level of thrill, for example, by selecting when 
ments which can be selected by a guest or user during 65 prompted the desired speed (e.g., "fast", "faster," "fastest", 
construction of a specific roller coaster design, data rep re- or some other scale from a minimum to a maximum relative 
senting the three dimensional size and shape of each land- speed), or some other increments of speed or performance. 



DETAILED DESCRIPTION OF THE 
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The measure of the thrill experienced has two components: is required. Track segment buttons 24 and icons 24' will vary 
vehicular speed and the severity of track convolutions. in severity from low (e.g., straight away, simple s-curves, 
Adjustments can be made according to a conventional and simple hills) to high (e.g., corkscrews, inverted loops), 
scaling system, for example: 1 being the slowest/mildest The more thrilling icons can be deactivated (to prevent their 
(least thrilling) and 5 being the fastest/most convoluted 5 selection) where the guest chooses a low thrill level, 
(most thrilling). Thus, the guest preferably can indepen- Alternatively, selecting a high thrill level could produce 
dently control speed and convolutions by touching the additional icons 24' on the screen or light additional buttons 
screen to indicate an mcrease or decrease the level. 24 0Q the paael for selection by me Alternatively, 
The design station is most preferably provided with guests could be permitted a great deal more detailed control 
prcdetermined rules so that the cumulative thrill desired by 10 over the shape, size and severity of the track (e.g., the height 
the guest does not exceed a predetermined level in order to anc j diameter of a loop). However, the track segment selec- 
keep guest sickness, due to motion disorientation, to an tion technique described above is preferred because it allows 
acceptable level. Thus, for example, factors such as the a mu( ± foster design time, 
weight of the guest can be taken into account in controlling _ w ... ^ , 
the forces imparted by a simulator on the guest. (For 15 .Specific guest communication icons 28 can also be pro- 
example, weight could be determined in advance, by weigh- Vlded ° n th *? If 1 *?"^ ™ e P ' eS ? nt inventl0n Preferably 
ing a guest upon entry and encoding this information on a ? rovides a Hc JP wmch me V*? can receive 
datacard, or on the fly, by providing a means for weighing ^mictions and helpful information on designing a roller 
a seated guest). Likewise, to prevent injury to guests, the coaster usm & thc dca Sn station); an "Undo" icon for remov- 
design station can alter segments as necessary. For example, 20 m ? * trac £ ^mcnt if the guest changes his or her mind; and 
in an event where a guest chooses high speed and a loop, the * Done c 1C0n for ^tonamg the design station that the 
design station can increase the diameter of the loop segment, desi S n of me ro " er ( ? aster 15 complete. Both the track 
since a tight loop at high speed might injure a guest if segment icons and/or the guest communication icons could, 
accurately simulated. In particular, it is preferred to limit the femativejy, be provided as mechanical switches such as, 
rate at which acceleration on a riding guest is changed. Not 25 for example, pushbutton switches mounted on or adjacent 
only is this a function of the finite performance of a physical me louchscre en. 

motion base, but it is also a matter of guest comfort. As Alternatively, but less preferably, a guest could create a 
discovered in the earliest days of railroads, the sudden onset track using commercially available 3-D equipment. For 
of a lateral acceleration (e.g., a straight track which transi- example, the guest would be provided a pair of 3-D glasses 
tions to a curve too abruptly) tends to induce discomfort in 30 capable of producing a 3-D image in conjunction with the 
passengers (if it does not knock them over). For this reason, screen. Using a mouse that can read 3-D position in space, 
both within a track segment and at the joint where two track the guest could draw the desired track on the 3-D image of 
segments meet, it is desirable to limit the rate of change of the terrain. In an actual test of this concept, the track appears 
curvature and discontinuities in the direction of travel along to be extruded out of the mouse like a trail of toothpaste from 
the track (e.g., no angles which would correspond to a point 35 a tube. In this way, the guest can directly draw loops and 
where the radius of curvature is zero). Situations where this corkscrews, curves and humps in whatever way is desired, 
recommendation would be violated would include a simu- While visually attractive, this embodiment requires time for 
lation of riding down stairs, or hitting a wall. In such a case, the untrained guest to adjust to the effective use of the 
the limits of the simulator will likely be the moderating equipment, and for that reason is not preferred in a cam- 
factor. 40 mercial environment. 

With the level of thrill set, the guest may select a starting 0tJce a specific roUer masteT d6S j ^ ronlpletc> it 

point on the bmdscape 22, or preferably the design station pr6 f 6rab i y ^d ^th the guest's unique identifying data for 

can require the use of a predefined starting point 23. The recall Uer p^fa,^ the guest is prompted to name his or 

g^estcantheQchooseatracksegmentbytouchmgoneofthe hcr coastor t0 differentiate among potentially multiple 

track segment buttons 24 or icons 24' displayed on the 4 s desig[ls . For spee d, the name is preferably comprised of a 

screen. This choice will be analyzed by the workstation selection from two groups of words (for example, one group 

using predetermined rules accessible by the design station of ad jectives and one group of nouns). Thus, for example, 

12 to determine if the selected track segment violates any of ^ ^ of words could include terms like "Screamin", 

the rules (e.g., tracks cannot penetrate the ground surface, ^tio, Cyber , Jolly( ■ nirbo> AlomiC; ^ Way 

tracks don t penetrate each other, track can be looping or so Co 0 i ; " the second group of words could include terms 

open, overall progress is made through the landscape ). As like « S hredder, Coaster, Express, Trolly, Riot, Rocket, 

data representative of the size and shape of both the terrain Chariot, O-Matic, and Banshee." 
and the track segments are accessible by the design station 

12, these rules can be easily and quickly applied. Preferably, the guest is able to preview a ride on the saved 

Assuming the rules are not violated, the guest is informed 55 roUer desi &' cither at the workstation 12 (via the 

of the acceptability of his choice when the track segment 25 touchscreen) or on a separate previewing monitor or screen 

appears in the desired start location. A track remaining ( not ^ own )- Preferably, this can occur incrementally with 

indicator 26 shows the amount of track remaining. The guest *» addmon of each "" ack ■W*- computer program run 

then selects another track segment to be linked to a free end on a smahtboa computer (described in more detail below 

of the first placed track segment by, again, touching the track 60 ^ Simulation Station) could also be used to convert 

segment buttons 24 or icons 24' corresponding to the desired *• desl ^ to a three-dimensional, virtual reality type mov- 

segment. Again, the system compares the choice to the m 8 ima 8 e ,n reaI tune - 

environment (the terrain and previous track segment) to Optionally, on completion, if the design is not all that the 

determine if the new track segment violates the rules. If not, guest intended, the guest may modify the design using the 

the next track segment 25' appears, connected at the desired 65 undo icon. Once the design is what the guest intended, the 

end of the first track segment 25. If the rules are violated, a guest can then, if desired, proceed to the simulation station 

message appears informing the guest that a different choice 100. 



07/30/2003, EAST Version: 1.03.0002 



6,007,338 

7 8 

The Simulation Station simulator 120, and authorize access to the simulator 120 for 

As shown in FIG. 1, the simulation station includes at loading and unloading passengers. As shown in FIG. 8, an 

least one simulator ride vehicle 120 which is preferably operator's console can be provided with a touch screen 

controlled by a simulation computer/controller 110 through moD * or for ease °/ contl0 ^ a a f twork ,ink ^ ca ? * 

a motion or ride controller 118. 5 used for a variety of purposes, including retneving data from 

„ _ multiple controllers, such as, for example, 110, 115, 118, 

Selection controller 112 can be any computer capable of undcr its mana g Cm cnt, and a PC which can be used control 

retrieving the data stored m storage device 14. The guest anc j m0 nitor systems on-board (e.g., video projectors) and in 

preferably uses selection controller 112 to choose from the queue (or "preshow") area where guests wait before 

among several designs the guest has created. The choices boarding the simulator. 

may also include several "canned" designs, which the guest 10 As shown in FIG. 11, selection controller 112, which 

may choose if they appear more attractive, or if the guest has preferably includes a data reader 18', can be provided for 

not designed a track. A guest identifies himself using input obtaining the guest's unique identification data and status, 

device 18' (for example, by passing a magnetic data card Most pre ferably, the guest is then given a choice, and may 

through a magnetic card reader). Once a design has been ma kc a selection from a menu of roller coaster designs 

selected at the seiction controller 112, and simulation con- wn ich preferably includes any designs created by the guest 

trailer 110 is in a receptive mode (as opposed to being fully an a saved on storage device 14, and may also include one or 

involved in an on-going simulation), the track design data is more other roller coaster designs available for selection by 

transferred to the simulation controller 110. the guest (for example, the theme park may choose to 

A video controller 115, which is capable of producing real 2Q provide designs of famous roller coasters). As noted above, 

time, 3-D virtual reality type imagery, is preferably pro- a touchscreen device is preferred for displaying choices and 

vided. In the preferred embodiment, the video controller 115 obtaining the guest's selection; however, other conventional 

and simulation controller 110 are provided by the same devices such as, for example, a conventional monitor in 

machine. For this purpose, the SiliconGraphics, Inc. Onyx2 combination with a keyboard, mouse, light pen, and/or voice 

Infinite Reality™ deskside system is preferred. This system 25 activated system may also be used. 

includes preferably two (to limit expenses) but may include Alternatively, a data reader (not shown) could be used to 

four 4 MB cache MIPS R 10000 processors, 64 MB to 2 GB input the guest data, a screen or monitor used to display the 

of memory (preferably 128 MB), a single graphics pipeline roller coaster design choices on operator console 114. The 

with at least one, but preferably two InfiniteReality™ Raster operator could then input the guest's choice via the operator 

Managers. This system is capable of producing several 3Q input device 114. If the roller coaster data is recorded on a 

million textured Z buttered polygons/sec, and can generate data card carried by the guest, reader 18' could also provide 

over 194 million textured, anti-aliased pixels per second. 16 the roller coaster data to the selection controller 112. 

MB of texture memory is preferably provided, though more Simulator 120 can be any conventional simulator capable 

is available at increased expense. Because of the cost of this Q f imparting realistic roller coaster motions to at least one 

hardware, it is strongly preferred that a video display man- 35 passenger. Examples of such conventional simulators are 

ager be capable of displaying on at least 8 monitors simul- disclosed in U.S. Pat. Nos. 4,710,128; 5,353,242; 5,021,982; 

taneously be employed. This allows for the single expensive 5,507,647; and 5,388,991, which are incorporated herein by 

image generator to drive 4 simulators at high resolution, as reference for all purposes. 

well as 4 associated monitors for nonriding guests to view A simple form of simu i alor ^ shown in FIGS. 4A and 4B. 
the ongoing action. Video output of at least about 30 Hz is ^ In mis embodiment, a passenger sits in a passenger seat 122 
required; however, about 60 Hz S.V.G.A. at 800x600 reso- which mcludes a ^at harness 124 for restraining the pas- 
lution is preferred. Typical electrical power requirements m vasscngCT mi U2. A virtual reality type helmet 
disclosed in the Onyx-2 technical specifications for this 126> which pro j ccts and ^und to the passenger and 
system are: 110 to 220 VAC; 50 to 60 Hz; 2,500 watts; 8,500 ^ ^ communication with the video and audio controllers 
BTU/hr heat dissipation; NEMA5-20, 110 VAC @20A; 45 U5 and 116, can be donned by the passenger. Alternatively, 
NEMA6-20, 208 VAC @20A. me passenger cou i d don virtual reality goggles and ear- 
In creating and replaying the design, the simulation com- phones, 
puter receives the information in the storage device 14 from As shown in FIGS. 4A and 4B, realistic motion can be 
selection controller 112. System RAM of controllers 110 and imparted to the passenger seat 122 by rotation about one or 
115 are preferably optimized by making use of database and 50 more 0 f mree aixes: a pitch axis 128, a roll axis 130, and a 
texture paging. At run-time, the application can preload all yaw ax js 132. a motor drive 134 for rotating the passenger 
show components. Then it can "unstufT portions of the seat 122 about the pitch axis, a motor drive 136 for rotating 
database that are not in use. Unstuffing consists of com- me p aS senger seat about the roll axis, and a motor drive 137 
pressing large data components and then removing the f or rotating the passenger seat about the yaw axis can all be 
memory-consuming original details while leaving the object S5 provided, and could be linked to the ride controller 118 for 
data structure skeleton in place. Then, when the object is control and coordination with the simulation controller 110. 
needed, it can be "stuffed": it need not be re-created, but can j n mc preferred embodiment, the passenger scat is rotated at 
simply be fleshed out to its original form by expanding the lcast 4^ fa c pitch and roll MeSt For ^ dements, such 
compressed contents and attaching them to the skeleton. as a corkscrew, yaw may be added to provide a more realistic 
This has the advantage of avoiding processor hungry runt- 60 simulation. Most preferably, to provide the most realistic 
ime constructors and memory allocation calls and also lets simulation, rotation about the pitch and roll axes of rotation 
the "unstuffed" objects remain valid to the system so they is a full 360 degrees and capable of continuous motion, and 
can be paged asynchronously with no direct synchronization rotation about the yaw axis is preferably 90 degrees +/- for 
required to the real-time visuals. tuH simulation. In positioning passenger seats with relation 
An operator's console 114 can be provided for the use of 65 to the pitch, roll, and yaw axis, the centerline locations for 
theme park operators for operation and safety purposes and passengers are preferably at or above the heartline, to 
to enable the operator to, for example, start and stop the provide the most realistic feeling simulation. 



07/30/2003, EAST Version: 1.03.0002 



6,007,338 

9 10 

Ride controller 118 can accept from simulation controller vents operator personnel or passengers waiting in the queue- 

110 realtime data indicative of the acceleration on the virtual ing area, from coming in contact with the moving simulator 

coaster car travelling the track at the point where the current vehicle. Most preferably, sensors are provided so that entry 

video is being generated and displayed on screen 142. This into this enclosure during operation will cause an emergency 

process causes the simulator to take on an aspect which best 5 slo P of lne simulator 120. 

simulates the accelerations that would be experienced on an As shown in FIG. 10, motion of the simulator vehicle can 
actual coaster. The exact algorithm would depend upon the De controlled by the motion controller 118 — preferably an 
degrees of freedom and particulars of the motion base. off-board PC which, for safety purposes, is preferably 
Alternatively, and preferably, motion controller 118 contains directly linked to the motors responsible for generating the 
prerecorded motion base control sequences constructed by 10 specific movements, panic STOP buttons, harness switches, 
hand by motion experts for each potential track segment and and door latche s- Alternatively, but at greater risk of soft- 
traversal speed combination. At the beginning of the ware failure, the function of the motion controller 118 can be 
simulation, the set of track segments is relayed along with performed by a processor that is multitasking other functions 
traversal times to the motion controller 118. The simulation such as those performed by video controller 115, audio 
controller 110 begins the simulation with a start signal. On is controller 116, and simulator controller 110. Sensors can be 
reception of the start signal the motion controller 118 starts provided as desired to verify that the passenger is in the 
playing the prearranged sequence of motion while, in passenger seat, the restraining harnesses are engaged and 
synchrony, the video and audio controllers (115 & 116) locked, and each hatchway or door is closed and locked, 
generate their respective performances under control of the Surveillance equipment, such as the closed circuit television 
simulation controller 110. Alternatively, video and audio 20 came ra 145 shown in FIGS. 5, 6, and 9, can be mounted 
might be generated by this same pre arrangement scheme inside the passenger compartment and linked to the opera- 
(e.g.,with a videodisc player being told which segments and tor ' s console or to a separate surveillance console for 
in what order to play). observation purposes, and to enable the operator to intervene 
More preferably, as shown in FIGS. 5 and 6, the simulator !?. eveDt a P^nger becomes ill [during the simulation. 
120 includes a passenger compartment 138 mounted for 360 25 F^ly, emergency stop buttons can be prodded both inside 
degree rotation along at least the pitch axis 128 and the roll me simu { at0 ' Passenger compartment (for use by a 
axis 130. Hie preferred ordering of the axes in this preferred P«*w) or 10 *e °P^tor area for emergency use by the 
two axis system is: roll axis innermost and pitch axis 0p L ra ° D * KrS °™ C * , . 

outermost. Apassenger seat 122 provided with a seat harness . To use a preferred simulator station of the present 

124 and/or other conventional restraining devices can be 30 invention, the guest enters a queueing area which leads to a 

mounted securely to the floor 140 of passenger compartment loading zone. The queueing area may be provided with 

138. Most preferably, two passenger seats, as shown in FIG. spcaal hghting effects, theme art, and/or monitors or other 

6, are provided. video displays projecting actual or simulated visual and 

+ A/S « -jjj...,. * audio effects. When the guest arrives in the loading area, the 

w^^T , ? JT rt ym8 f ^ e 35 guest provides his or her identifying information to the 

real time .three dimensional virmal reality type imageofthe * b t device 18 , ( J e Lple, by swiping a 

snnuhted roller coaster nde generated by video controller J dc ^ th F h the caKl ^ reader) J d chooses 

" 5 • ^ viewmg screen 142 canbeafrontorrearprojecUon ^ desi fro * ^ choices &om 

type televBron set Most preferably, (he image .s front device 14 and ^ U ed on a b matI0 £ t 

projected preferably by an LCD video projector 144 m ^ of ^ me , s choi 

mounted behind the passenger. The projector 144 may opens the safety enclosure door, and opens the hatchway 152 

project directly to the viewing screen 142 if desirable; £ ^ ^ m * compartment 138. 

however if necessary to increase the image sire in a ^ ^ ^ s^^^Snclosui and may be 

restricted passenger compartment by increasing the ettective ^ ^ 

or her pockets into a tray or other suitable 

chstance between the projector and the screen (referred to as receptacle, until the ride isover. More preferably, however, 

die "throw distance) die projector may project die image ^ ^ m ^ restraint m ^ sufficiently snug 

first to a mirror 146 which reflects the image to the screen . _ #u . , „ „ . \. , 4 ' . ? 

6 embrace that pockets are not disposed to disgorge their 

contents even when the passenger compartment is inverted. 

Speakers 148 can be mounted in appropriate locations in The guest enters the simulator passenger compartment 

the passenger compartment for broadcasting realistic sound 5Q m and sits in a passenger ^ 122 ^ pasS e Dg er harness 

to accompany the projected image. Most preferably, stereo ^ * secured about me and ^ condition of 

speakers (not shown) are located in the seat headrest. A low ^ harness ^ prefer ably verified by the operator or an 

frequency transducer or subwoofer 150, can be mounted in operator > s The operator, having preferably per- 

or closely adjacent to the passenger seat 122 to produce formed a fiQal safcty iQSpcction for loosc articlcs and ^ lflcc 

realistic vibrations to be sensed by the passenger in asso- 55 ^ ^ passcngcr compartment, closes and locks the simula- 

ciation with the projected image. tor hatchway 152 , and exits the simulator safety enclosure, 

A door or hatchway 152 can be provided to enable a closing and locking the safety enclosure door. With the guest 

passenger to enter and leave the simulator vehicle passenger secured and ready for the ride, the operator begins the 

compartment 138. A locking device 154 is preferably pro- program either from the operator console 114, or, preferably, 

vided to securely lock the hatchway in a closed position. 60 from a conveniently located but secure switch. At this time 

Finally, a ventilation system (not shown) is most preferably it is possible, and preferred in order to minimize the time in 

included for providing fresh air changes in the passenger queue, for the next guest to use the selection controller in 

compartment 138. Such fresh air changes are important for preparation for their ride. 

reducing the possibility of motion sickness. tne ride is m prog ress, special lighting effects may be 

For safety reasons, the simulator vehicle is preferably 65 provided in the simulator passenger compartment to 

contained in a safety enclosure (not shown) which is also heighten the experience, or outside of the simulator as a 

provided with a locking doors. This safety enclosure pre- visual indicator that the simulator is in operation. Other 
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realistic effects may be added, for example: an air stream 
may be directed at the guest's face to simulate wind, the air 
stream may be heated if the simulated environment is hot, 
the air stream may be chilled if the simulated environment 
is cold, or water droplets may be sprayed on the guest if the 5 
simulated environment is wet. Should the guest become ill 
or too disoriented to continue the ride, an emergency STOP 
button is provided which can be used to stop the ride. Once 
the ride ends, and the simulator has stopped moving 
completely, the operator opens the door to the safety 10 
enclosure, opens the simulator hatchway, and releases the 
passenger harnesses. The guest exits the simulator, and 
retrieves his pocket contents in the safety enclosure before 
exiting the safety enclosure. 

One skilled in the art will recognize at once that it would 15 
be possible to construct the present invention from a variety 
of materials and in a variety of different ways. While the 
preferred embodiments have been described in detail, and 
shown in the accompanying drawings, it will be evident that 
various further modification are possible without departing 20 
from the scope of the invention as set forth in the appended 
claims. 

What is claimed is: 

1. A roller coaster simulator comprising: 

a design station which can be used by a plurality of guests 25 
to design a simulated roller coaster, said design station 
linked to a computer shared by other similar design 
stations having access to pre-determined landscape 
images and roller coaster segments which can be 
selected by a guest, data representing the three dimen- 30 
sional size and shape of each landscape image and 
roller coaster segment, and predetermined rules for 
determining if a first roller coaster segment can be 
placed at a selected position on said landscape image to 
start a roller coaster design and if subsequent roller 35 
coaster segments selected by the guest can be joined to 
a free end of a placed roller coaster segment at a 
selected position on said landscape image as the guest 
designs a roller coaster, said design station including 
means for associating guest identification data with 40 
each roller coaster design created on said design sta- 
tion; 

storage means shared by a plurality of design stations for 
storing and accessing data related to each roller coaster 
design completed by said guest at the design station; 45 

a simulator vehicle for simulating the motion of a roller 
coaster, and including a passenger compartment, at 
least one passenger seat mounted in said passenger 
compartment, a safety harness for securing said guest 5Q 
in said passenger seat, and a means for moving said 
passenger compartment to simulate the motion of a 
roller coaster; 

a means for creating a moving picture of a virtual ride of 
a selected roller coaster design stored in said storage 55 
means from the perspective of said guest when seated 
in said passenger seat, said means for creating a moving 
picture mounted outside said simulator vehicle; 

a projector mounted in said simulator vehicle for display- 
ing said moving picture to a passenger, said projector 60 
connected to said means for creating a moving picture 
by a cable; and 

a first controller means for accessing said data stored in 
said storage means and for using said data to control 
and synchronize the motion of the passenger compart- 65 
meot with the moving picture to create a realistic 
simulation of said selected roller coaster design. 
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2. The roller coaster simulator of claim 1 additionally 
comprising a sound system means for generating or replay- 
ing realistic sounds in synchronization with said moving 
picture and said means for moving said passenger compart- 
ment during a simulation. 

3. The roller coaster simulator of claim 2 wherein said 
sound system is controlled by an audio controller which is 
operably linked to said first controller. 

4. The roller coaster simulator of claim 2 additionally 
including a sound controller for controlling said sound 
system, said sound controller in communication with said 
first controller. 

5. The roller coaster simulator of claim 1 additionally 
comprising a means mounted in said passenger compartment 
for generating vibrations to be sensed by the guest. 

6. The roller coaster simulator of claim 5 wherein said 
means for generating vibrations is a subwoofer associated 
with said passenger seat. 

7. The roller coaster simulator of claim 6 wherein said 
subwoofer is controlled by an audio controller which is 
operably linked to said first controller. 

8. The roller coaster simulator of claim 1 additionally 
including guest input means for providing guest information 
and selections to the design station and first controller. 

9. The roller coaster simulator of claim 8 wherein said 
guest input means is selected from the group consisting of 
magnetic card readers, optical card readers, radio frequency 
identification receivers, biometric readers, touchscreens, 
mouses, keyboards, light pens, and voice activated input 
devices. 

10. The roller coaster simulator of claim 1 wherein said 
passenger compartment includes a lockable hatchway. 

11. The roller coaster of claim 10 additionally including a 
safety interlock means to prevent initiation of a simulation 
unless said hatchway is closed and locked, and said guest is 
seated in said seat with said safety harness engaged. 

12. The roller coaster simulator of claim 1 wherein said 
passenger compartment is pivotally mounted to rotate about 
360 degrees about at least two axes. 

13. The roller coaster simulator of claim 12 wherein said 
two axes are a roll axis and a pitch axis. 

14. The roller coaster simulator of claim 1 wherein said 
design station includes a design display means operably 
linked to the computer for displaying a selected landscape 
image, roller coaster segments selected by a guest during the 
design process, and communications from said design sta- 
tion to the guest. 

15. The roller coaster simulator of claim 14 wherein said 
display means is selected from the group consisting of 
touchscreens, monitors, and printers. 

16. The roller coaster simulator of claim 1 wherein said 
means for creating and displaying a moving picture creates 
a virtual reality type real time image. 

17. The roller coaster simulator of claim 1 wherein said 
means for moving said passenger compartment includes at 
least one motor controlled by said first controller. 

18. The roller coaster simulator of claim 1 wherein said 
means for moving the passenger compartment includes at 
least one motor controlled by a ride controller in commu- 
nication with said first controller. 

19. The roller coaster simulator of claim 1 wherein said 
projector is a video projector. 

20. The roller coaster of claim 19 additionally including 
a video controller for controlling said video projector, said 
video controller in communication with said first controller. 

21. A roller coaster simulator comprising: 

a passenger seat with a safety harness, said passenger seat 
mounted for movement by a means for imparting the 
motion of a roller coaster to said passenger seat; 
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a means for creating a real-time, virtual moving image of 
a roller coaster design retrieved from a storage means 
and selected for replay by a passenger before said 
passenger is secured by said safety harness to said 
passenger seat; 

a controller means for controlling and coordinating the 
means for imparting motion and the means for creating 
said real-time, virtual moving image of said roller 
coaster design during replay of a selected roller coaster 
design without any input from the passenger; 

a video display means for displaying said virtual moving 
image to said passenger, said video display means 
mounted for synchronous movement with said passen- 
ger seat and connected to said means for creating a 
real-time virtual moving image by a cable. 

22. The roller coaster simulator of claim 21 additionally 
comprising a display device associated with said controller 
means for displaying predetermined roller coaster designs 
for selection by said passenger prior to replay of said 
selected design. 

23. The roller coaster simulator of claim 21 additionally 
comprising a passenger input device for inputting said 
passenger's selection of a roller coaster design stored in said 
storage means to the controller means prior to replay of said 
selected design. 

24. The roller coaster simulator of claim 21 wherein at 
least one of said roller coaster designs retrieved from said 
storage means was created by said passenger. 

25. The roller coaster simulator of claim 24 wherein said 
passenger created said roller coaster design using a design 
computer operably linked to a passenger input device, a 
design display device, and means for storing and accessing 
pre-determined landscape images and roller coaster seg- 
ments which can be selected by the passenger for joining to 
the free end of other roller coaster segments to form a 
completed roller coaster design, along with data represent- 
ing the three dimensional size and shape of each landscape 
image and roller coaster segment and rules for determining 
if specific selected roller coaster segments selected by a 
passenger can be joined to a free end of another roller 
coaster segment at a selected position on said landscape 
image. 

26. The roller coaster simulator of claim 21 wherein said 
video display means is selected from the group consisting 
of: helmet mounted virtual reality displays, goggle mounted 
virtual reality displays, front or rear projection television 
sets, projectors and screens. 

27. The roller coaster simulator of claim 21 additionally 
including audio means associated with said video display 
means for replaying or generating realistic sounds associated 
with roller coaster motion as simulated. 

28. The roller coaster simulator of claim 27 additionally 
including means associated with said passenger seat for 
imparting a vibration to said passenger seat to simulate 
vibrations sensed during a roller coaster ride over segments 
sucb as those being simulated. 

29. The roller coaster simulator of claim 21 wherein said 
passenger seat is mounted to rotate 360 degrees along at 
least two axes. 

30. The roller coaster simulator of claim 29 wherein said 
two axes comprise a roll axis and a pitch axis. 

31. A roller coaster simulator comprising: 

a design station including a computer having access to 
pre-determined landscape images and roller coaster 
segments which can be selected by a guest, data rep- 
resenting the three dimensional size and shape of each 
landscape image and roller coaster segment, and pre- 
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determined rules for determining if a first roller coaster 
segment can be placed at a selected position on said 
landscape image to start a roller coaster design and if 
subsequent roller coaster segments selected by the 
guest can be joined to a free end of a placed roller 
coaster segment at a selected position on said landscape 
image as the guest designs a roller coaster, and a 
display means operably linked to said computer for 
displaying a selected landscape image, roller coaster 
segments, and communications from the design station; 
storage means, operably linked to said design station and 
a plurality of other like design stations, for storing and 
accessing completed roller coaster designs transmitted 
from said design station; 
a simulator vehicle for simulating the motion of a roller 
coaster, and including a passenger seat, means for 
restraining a passenger in said passenger seat, and a 
means for moving said passenger seat; 
a means for creating a real-time, virtual reality type 
moving picture of a virtual ride of a selected roller 
coaster design stored in said storage means, said 
selected roller coaster design chosen in advance for 
replay to the passenger from a pluratity of roller coaster 
designs stored in said storage means; 
a display means mounted inside said simulator vehicle for 
displaying said moving picture to a passenger, said 
display means linked to said means for creating a 
real-time, virtual reality type moving picture of a 
virtual ride; 

a first controller means for controlling and coordinating 
the motion of the passenger seat to the motion visually 
depicted by said display means associated with said 
selected roller coaster design, said first controller 
means operably linked to said means for creating a 
real-time, virtual reality type moving picture; and, 
guest input means for providing passenger identification 
and selections to the design station and first controller. 

32. The roller coaster simulator of claim 31 additionally 
comprising a sound system means for generating or replay- 
ing realistic sounds in synchronization with said means for 
creating a real-time, virtual reality type moving picture. 

33. The roller coaster simulator of claim 31 additionally 
comprising a means associated with said simulator vehicle 
for generating vibrations to be sensed by the guest. 

34. The roller coaster simulator of claim 33 wherein said 
means for generating vibrations is a subwoofer associated 
with said passenger seat. 

35. The roller coaster simulator of claim 31 wherein said 
guest input means is selected from the group consisting of 
magnetic card readers, optical card readers, radio frequency 
identification receivers, biometric readers, touchscreens, 
mouses, keyboards, light pens, and voice activated devices. 

36. The roller coaster simulator of claim 31 wherein said 
passenger seat is pivotally mounted to rotate about 360 

55 degrees about at least two axes. 

37. The roller coaster simulator of claim 36 wherein said 
two axes are a roll axis and a pitch axis. 

38. The roller coaster simulator of claim 31 wherein said 
means for displaying said moving picture is selected from 
the group consisting of virtual reality helmets, virtual reality 
goggles, rear or front projection television and projectors 
and screen. 

39. The roller coaster simulator of claim 31 wherein said 
means for moving said passenger seat includes at least one 

65 motor. 
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